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The greatest effect on reducing mortality in breast cancer comes from the detection and treatment of
invasive cancer when it is as small as possible. Accurate preoperative diagnosis of a breast lesion is
essential for optimal treatment planning. In order to avoid unnecessary patient distress, it is
important to achieve the definite diagnosis without delay and with as few biopsies as possible.
Nowadays, when breast cancer is one of the most frequently diagnosed malignancies among
women, cost-effective ways for its diagnosis are necessary.
The studies made aimed at evaluating whether breast cancers detected at screening had been
visible in previous mammograms, and at assessing whether computer-aided detection (CAD) can
help radiologists to detect these lesions. Aim was also to evaluate different reading methods and the
impact of the number of readers on sensitivity and specificity. After detecting suspicious lesion, the
radiologist has to decide what is the most accurate, fast, and cost-effective means of further work-
up. For these reasons, the use of fine-needle aspiration cytology was compared to core-needle
biopsy.
In the year 2001, 67 women with 69 surgically proven cancers detected at screening in the
Mammography Centre of Helsinki University Hospital had previous mammograms as well. These
mammograms were analyzed by an experienced screening radiologist, who found that 36 lesions
were already visible in previous screening rounds. CAD (Second Look™ v. 4.01) found 23 of these
“missed” lesions, and an inexperienced resident found 22; together they found 30 lesions.
The impact of CAD on reader’s performance was evaluated next: Eight readers with different
kinds of experience with mammography screening read the films of 200 women with and without
CAD. These films included 35 of those “missed” lesions already mentioned and 16 screen-detected
cancers. CAD sensitivity was 70.6% and specificity 15.8%. Use of CAD lengthened the mean time
spent for readings but did not significantly affect readers’ sensitivities or specificities.
With the same study setting (with only readings without CAD) two reading methods were
compared in terms of sensitivity and specificity: “summarized” independent reading (at least a
single cancer-positive opinion within the group considered decisive) and “conference consensus”
reading (the cancer-positive opinion of the reader majority was considered decisive). The greatest
sensitivity of 74.5% was achieved when the independent readings of 4 best-performing readers were
summarized. Overall the summarized independent readings were more sensitive than “conference
consensus” readings (64.7% vs. 43.1%) while there was far less difference in mean specificities
(92.4% vs. 97.7%).
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The feasibility of FNAC and CNB in the diagnosis of breast lesions was compared in non-
randomised, retrospective study of 580 (503 malignant) breast lesions of 572 patients. Absolute
sensitivity was 67% (194/289) for FNAC and 96% (206/214) for CNB (p< 0.0001), while complete
sensitivities were 95% and 99%, respectively (p=0.0173). In patients with FNAC, an additional
needle biopsy was performed for 93 and a surgical biopsy for 62 lesions. In the CNB group, a
subsequent CNB was performed for 2 and a surgical biopsy for 33. The need for surgical biopsies
and the unnecessary axillary operations due to false-positive findings raised the costs of FNAC
from 150 to 294 € and 176 to 223 € for CNB, respectively.
Even though CAD is rather sensitive in finding “missed” cancer lesions, its impact on the
readers’ performance is minimal; it is therefore not recommendable to use this version of CAD
device. The sensitivity of reading screening mammograms is maximal when any positive opinion
within a pair or a group of readers is taken into consideration. The frequent need of supplement
biopsies make FNAC more expensive than CNB, and because the advantage of quick analysis
vanishes during the overall diagnostic and referral process, it is recommendable to use CNB as
initial biopsy method.
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ABBREVIATIONS
ABBI = advanced breast biopsy instrumentation
ADH = atypical ductal hyperplasia
BI-RADS = breast imaging reporting and data system
CAD = computer aided detection
CL = confidence level
CNB = core needle biopsy
DCIS = ductal carcinoma in situ
FNAC = fine needle aspiration cytology
FN = false-negative
FP = false-positive
LCIS = lobular carcinoma in situ
MG = mammography
NHSBSP = National Health Service Breast Screening Programme




VACB = vacuum-assisted biopsy
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1. INTRODUCTION
One of the most frequently diagnosed malignancies among women is breast cancer. According to
the Finnish Cancer Registry, it was the leading cause of cancer deaths among women in Finland in
2005. There were 4027 new breast cancer cases in 2005 (Finnish Cancer Registry). If breast cancer
is detected early, more specific and less aggressive therapy options are possible, and mortality from
breast cancer falls. Screening mammography has proved to be the most valuable single tool for
reducing breast cancer mortality (Shapiro et al. 1982, Tabar et al. 1985, SOSSEG 1). It is, however,
an unfortunate fact that observer errors in breast screening are frequent, and false-negative cancers
emerge in retrospective studies of prior mammograms (Saarenmaa et al. 1999, Harvey et al.1993).
Variability occurs in reading performances between mammography screeners and generalized
radiologists as well as among experienced screeners (Sickles et al. 2002, Beam et al. 1996). To
improve the quality of mammography screening, many screening centers use different types of
double reading (Anttinen et al. 1993, Thurfjell et al.1994).
Computer-aided detection (CAD) systems have been developed to reduce the number of false-
negative interpretations at screening mammography. Current CAD methods can achieve very high
sensitivities of 71 to 98% in identifying malignant lesions, in which sensitivity is higher for
microcalcifications than for tumor masses (Brem et al. 2001, Destounis et al. 2004, Moberg et al.
2001). The potential problem is the high number of false positives (Malich et al. 2001, Moberg et
al. 2001, Thurfjell et al. 1998). Several studies examine readers’ performance with CAD with
different kinds of case selection and study design, most of them retrospective. Some have found
with CAD an increase in the cancer detection rate with an insignificant rise in recall rate (Freer et
al. 2001, Karssemeijer et al. 2003, Thurfjell et al. 1998), and especially that CAD helps more junior
than senior radiologists (Balleyguier et al. 2005), while others found no significant change in
radiologists’ performance (Brem et al. 2001, Moberg et al. 2001, Taylor et al. 2004).
Correct preoperative diagnosis of a breast lesion is essential for optimal treatment planning.
To reach as soon as possible the final diagnosis and operation with as few biopsies as possible is
humane for the patient. Nowadays, when breast cancer is one of the most frequently diagnosed
malignancies among women, cost-effective ways of diagnosis are crucial. Before the early 1990s,
the recommended evaluation of a “suspicious” breast abnormality noted on either clinical
examination or mammography involved a surgical breast biopsy. Nowadays, less invasive
alternatives, fine-needle aspiration cytology (FNAC) and core needle biopsy (CNB), are useful in
the evaluation of these breast abnormalities. Because of its high insufficient-sample rate and rather
low specificity, FNAC has been increasingly often abandoned particularly in North America and the
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UK (Britton et al. 1997, Pisano et al. 2001, Shannon et al. 2001). FNAC is, however, still
considered a useful test in breast diagnosis, especially in assisting clinical decision-making whether
to take additional biopsies or to proceed to surgical management (Bulgaresi et al. 2006).
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2. REVIEW OF THE LITERATURE
2.1 Mammography Screening
Mass screening mammography program consists of invitation of asymptomatic women,
mammography examination of breasts, reading of films, reporting the results to women and a
systematic follow-up of the results and quality control. The primary purpose of screening
mammography is to reduce mortality from breast cancer through early detection. Avoiding
unnecessary workup of lesions which show clearly benign features will minimize anxiety and
maintain streamlined, cost-effective service.
Mammography screening was first introduced in the United States in the 1960s. After that
organized mammography screening has begun in many European countries as well, in England and
Wales in 1988 (for women aged 50-64) (Blanks et al. 2000), in the Netherlands in 1989 (50-69)
(Otto et al. 2003), in Sweden in 1980 (40-69) (SOSSEG I), and in Denmark in 1990 (50-69) (Olsen
2007). The European Union has recommended screening every 2 to 3 years women aged 50 to 69
(European Union Council 2003). In the United States, women over 40 are recommended for annual
screening. In Finland, mammography screening started in 1987 and involved women aged 50 to 59.
In some communities women aged 40 to 69 have also been screened. According to Section 14 of the
Finnish Primary Health Care Act and the Government Degree on Screenings 1339/2006, as of 1
January 2007, screenings are also for women of 60 to 69. Screening takes place every second year,
with two views, cranio-caudal and oblique, routinely taken. The technician fills in a special
screening card, marking, for example, the palpation finding. The instructions of the Finnish
Radiation and Nuclear Safety Authority (STUK), require consensus double reading. In the second
and third screening rounds, the reader can compare films from previous rounds. If woman is
recalled, the further studies include ultrasound (US), possible additional filming, and needle
biopsies, if needed. During the first 11 years of screening in Finland, the compliance was 88.5%,
recall rate 3.28% of those attending, and 0.65% were referred for surgery. Cancer-detection rate was
3.7 cancers per 1000 screening studies, and the specificity 97% (Dean and Pamilo 1999).
Prognostic indicators for breast cancer survival include tumor size, tumor type, tumor grade,
mammographic presentation, regional lymph node status, and metastatic disease. The extent of
disease evident from physical findings and special preoperative studies is used to determine its
clinical stage. The American Joint Committee on Cancer and International Union Against Cancer
have agreed on a TNM (Tumor, Regional Lymph Nodes, Distant Metastases) staging system for
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breast cancer. Stages range from 0 to IV, in which the approximate 5-year survival is 95% for stage
0 and 5% for stage IV (Way 1994).
Invasive breast cancer must be detected at an early phase of its natural history (as small as
possible), allowing the disease to be interrupted prior to the development of regional or systematic
metastatic disease, in order to have the greatest effect on reducing breast cancer mortality. In a
review article, Tabar and Dean (2003) stated that breast cancer is a progressive disease from the
beginning. The progression can be arrested through early detection and treatment.
Many of the measures of a screening program involve statistical concepts like sensitivity and
specificity.
Sensitivity = True Positive / (True Positive + False Negative), is a measure of the test’s capability
of finding, in this case, cancers in a population. Sensitivity decreases as false negatives increase.
The goal is to maximize the detection rate of small invasive cancers.
Specificity = True Negative / (False Positive + True Negative) is a measure of how successful a test
is at saying that cancer is not present when it really is not present. Specificity diminishes as false
positives increase. False-positive interpretations and the further work-up after recall reduce the cost-
effectiveness of screening mammography.
Accuracy = True Positives + True Negatives / number of all cases.
Recall Rate = number of women recalled for further work-up / number of women screened.
Cancer detection rate = number of cancers detected / 1000 screening studies.
Positive predictive value = True Positives / number of tests called positive for cancer. This maybe
used to measure the discriminating power of the mammogram as a measure of what percentage is
read as abnormal and needs additional imaging, or as a measure of the aggressivity of intervention
when biopsies are recommended.
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2.1.1 Efficacy of mammography screening
The Health Insurance Program of Greater New York (HIP) study, and later on The Breast Cancer
Detection Demonstration Project (BCDDP) of 280 000 volunteer women, have been the pioneer
projects investigating the feasibility of large-scale screening for breast cancer. HIP and BCDDP
were the stimulus for development of the subsequent randomized clinical trials conducted in Europe
and Canada (Cunningham 1997). The Edinburgh randomized trial, Swedish Two-County Trial and
The updated overview of the Swedish randomized trials showed the significant impact of an
invitation to mammography screening on mortality from breast cancer; reduction of 21-32%
(Alexander et al. 1999, Tabar et al. 2000, Nyström et al. 2002). One Swedish study compared
deaths from breast cancer diagnosed in the 20 years before introduction of screening (1958-77) with
those from breast cancer diagnosed in the 20 years after the introduction of screening (1978-97).
Taking account of potential biases, changes in clinical practice, and changes in breast cancer
incidence, mammography screening contributed about 50% decrease in mortality when women
actually attended the screening (Tabar 2003).
There has been debate over the effectiveness of mammography screening because of articles
by Gotzsche and Olsen (2000 and 2001). They concluded that screening does not reduce mortality,
and based their results on trials by Canadians. The Canadian studies compared annual screening
with physical examination to physical examination only in women aged 40 to 49 and 50 to 59, and
found that screening had no impact on breast cancer mortality (Miller et al. 2000 and 2002). Their
results have been attributed to poor mammography technique and faulty trial design, which may
have led to randomization errors.
One recent full cohort study showed that the estimated effect of routine mammography on
breast cancer mortality to be highly dependent on study design; following the introduction of
mammography screening the estimated changes in breast cancer mortality ranged from a 6%
increase (a less rigid study design) to a 25% decrease (based on the best methodology) (Olsen et al.
2007).
After the success of randomized trials, organized service screening mammography has
become routine in many countries. The results of these programs confirm that screening
mammography reduces breast cancer mortality. The Swedish Organised Screening Evaluation
Group (SOSSEG) derived results for 20 to 40 of observation on 1.1 million Swedish women,
showing approximately 30% reduction in breast cancer mortality with invitation to screening and a
40% reduction for those receiving screening (SOSSEG 1 and 2). They also showed that screening
had significantly (45% at 40-49 and 33% at 50-69) reduced the rates for larger tumors (>2 cm) and
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the number of lymph-node- positive cancers in Sweden (SOSSEG 2007). Furthermore, Finnish
studies of mammography service screening support these results (Hakama et al.1997, Anttila et al.
2002, Parvinen et al. 2006).
There is not consensus of opinion about screening women younger than 50 years, although the
results are supporting. A randomized controlled trial in the United Kingdom with more than
160,000 women aged 39 to 48, showed a reduction in mortality, although not a significant one
(Moss et al. 2006). Screening in Turku improved significantly breast cancer survival also at women
aged 40 to 49 (Klemi et al. 2003).
2.1.2 Sensitivity of mammography screening
In a meta-analysis reported by Mushlin et al in 1998, the sensitivity of screening mammography
ranged from 83 to 95%. A review article by Elmore et al. (2003) found a large international
variation in screening mammography interpretation; North American screening programs appeared
to interpret a higher percentage of mammograms as abnormal than did programs from other
countries (by 2-4 percentage points) without any evident benefit in cancer detection rate (Elmore
2003). In a Finnish study, the sensitivity of mammography was significantly dependent on patient
age and increased with age. Sensitivity was also dependent on the density of the breast, especially in
the tumor area (Saarenmaa et al. 2001).
Digital mammography technique has been used in some screening centers, and according to
first experiences, it seems to increase screening sensitivity for dense breasts and for younger
women. In a study of 49 528 women in the United States and Canada, the overall diagnostic
accuracy of digital and of film mammography as a means of screening for breast cancer, was
similar. But the accuracy of digital mammography was significantly higher than film
mammography among women under 50, women with heterogeneously dense or extremely dense
breasts, and premenopausal or perimenopausal women (Pisano et al. 2005). The Oslo II Study
found a higher cancer detection rate for full-field digital mammography in the age-group 50 to 69,
and a nearly equal detection rate in the group aged 45 to 49 (Skaane et al. 2004). The overall
reduction in average glandular X-ray dose for digital mammography was found over film
mammography amounts to 27% (Gennaro et al. 2006). Digital image manipulation makes it
possible to place images in a window, level them, and magnify them. Another advantage of digital
mammography is the possibility of real-time interpretation of mammograms at distant sites with the
use of teleradiology.
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2.1.3 Classification of breast parenchymal patterns and findings on mammography
Breast parenchymal patterns can be classified in many ways: In the Tabar classification (Gram
1997): I = normal parenchymal pattern, II = fatty infiltration, III = retromamillary fibrosis, IV =
adenosis and V = fibrosis. The Breast Imaging Reporting and Data System (BI-RADS) of the
American College of Radiology is a tool created to standardize 1) terminology in mammographic
reporting, 2) assessment of findings, and 3) resulting recommendation of action. BI-RADS lexicon
describes four classes of breast parenchymal density and their effect on diagnostic accuracy (ACR
2003). The masses are classified in BI-RADS by shape, margin, and density. Irregular shape, ill-
defined, obscured or spiculated margin and high density are definitions for a malignant mass lesion.
Different types of calcifications and their distribution are also distinguished; grouped or clustered,
granular and casting type of calcifications are considered to have a higher probability of
malignancy. Architectural distortions can also be an associated finding of malignancy. BI-RADS
categories range from 0 to 6, (0=needs additional imaging), 1 = negative, 2 = benign (their
probability of malignancy is 0% and normal interval follow-up is recommended), 3 = probably
benign (short-interval follow-up), 4 = suspicious abnormality (biopsy should be considered), 5 =
highly suggestive of malignancy with probability of malignancy of  95% (appropriate action
should be taken, and 6 = histologically proven malignancy (appropriate therapy recommended)
(ACR 2003). BI-RADS lexicons are offered for ultrasound and magnetic resonance imaging
findings as well.
2.1.4 Screening methods
Although mammography screening is known to be effective, observer errors are frequent and false-
negative cancers can be found in retrospective studies of prior mammograms. The performance of
the radiologist varies; those specialized in mammography may detect more early-stage cancers and
have lower recall rates than do general radiologists (Sickles et al. 2002). Variability also exists in
the detection of lesions among experienced radiologists, due to the complexity of breast tissue and
the similarity between masses and normal tissue (Beam et al. 1996). Only a few breast cancers
appear among a great number of normal and benign findings, and screener radiologists read
hundreds of mammograms per day. This burden of work easily weakens their ability to detect
malignant lesions.
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To improve the quality of mammography screening, many screening centers use double
reading. Objective independent double interpretation occurs when radiologists are unaware of each
other’s interpretations, and a standard rule is used to resolve differences. An average increase in
sensitivity of 7% and a decrease in specificity of 11% occurred in the accuracy of a single reading
versus an objective independent double interpretation with 31 community radiologists. This
experimental test setting revealed no increase in accuracy (Taplin 2000). Independent prospective
double reading occurs when the second reader is not blinded to results of the first reading
(Destounis et al. 2004).
Consensus double reading occurs when two radiologists interpret independently all
mammograms, and then all the cases selected by either reader are then reviewed by both readers,
with a consensus decision made as to whom to recall for further studies. In a Finnish study, this
method improved the breast cancer detection rate by 9% (p<0.05) and reduced the recall rate by
45% (p<0.001) (Anttinen et al. 1993). The cost of consensus double reading is competitive
compared to single reading because it reduces the recall rate (Brown et al. 1996, Leivo et al. 1999).
In their review article, Dinnes et al. (10 cohort studies included) found that a double reading
improves the cancer detection rate by 3 to 11 per 10 000 women screened and has a double impact
on recall rates, depending on the recall policy used. This benefit was suggested to be mainly in the
detection of small cancers, and could be greatest where two readers have different strengths and
weaknesses, or where readers are less experienced (Dinnes 2001).
When two radiologists performing independent readings do not reach a consensus, an
arbitration panel of three radiologists may be used to decide about referrals. Due to this kind of
arbitration, 3% of cancers were missed in the study of Duijm et al. (2004). Arbitration by a third
reader was the practice of Ciatto et al. (2005) when independent double reading produced the
discordant reports which normally prompt diagnostic assessment. Their follow-up covered only
40% of subjects with negative arbitration and they observed 0.64% cancers as false-negative.
Arbitration reduced recall rates by 32% and 49%, but due to the underlying low referral rates of
both centers, the absolute reduction in referral rates was rather small, in the range of 1%. The
cancers detected following arbitration are smaller and more likely to manifest as parenchymal
distortion compared with cancers detected by both readers (Cornford et al. 2005).
Reader volume has been suggested as an important determinant of mammogram sensitivity
and specificity. Esserman et al. (2002) had 194 high-volume U.K. radiologists and 60 U.S.
radiologists run the same 60-film test. Radiologists were grouped as low-volume ( 100
mammograms read per month), medium-volume (101-300 / month), and high-volume ( 301
mammograms / month). The average sensitivity at specificity of 90% was 78.5% for U.K.
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radiologists and 75.6% for high-volume U.S. radiologists, but only 64.8% for low-volume U.S.
radiologists. The difference in sensitivity of these two groups of U.S. radiologists was statistically
significant (p > 0.001) (Esserman 2002). The study of Kan et al. comes to the same conclusion; a
minimum of 2 500 interpretations per year was associated with lower abnormal interpretation rates
and average or better cancer detection rates (Kan et al. 2000). On the other hand, Beam et al. (2003)
in their multifactor population study find no association between accuracy and reading volume.
They suggested that “expertise reflects a complex multifactorial process; more recently trained
radiologists interpreted mammograms more accurately than those trained earlier. The high number
of diagnostic breast imaging examinations and image-guided breast interventional procedures
increased accuracy”. Moreover, use of double-reading and work in a dedicated mammography
centre were associated with better accuracy. These findings of Beam et al. were in line with a more
recent study by Barlow et al. (2004) who found no evidence that greater volume or even experience
at interpreting mammograms was associated with better performance. They found that greater
number of years of experience interpreting mammograms was associated with lower sensitivity (p=
0.001), but higher specificity (p = 0.003).
2.1.5 “Missed cancers”
Missed cancers are defined as those where biopsy-proved cancers are found on an asymptomatic
subject’s screening mammogram when the prior screening mammogram was prospectively
interpreted as negative, but with the cancers judged retrospectively visible (Bird et al. 1992). When
breast cancer is diagnosed mammographically, the corresponding lesion can be detected in the
penultimate mammogram in up to 75% of cases (Bird et al. 1992, Harvey et al. 1993). Mass lesions
were the commonest feature of missed lesions (80 of 115), and 32 of those 80 were spiculated or
irregular in the 2001 study of Birdwell et al. The most frequently recorded factors related to lesion
interpretation errors were lucent areas within the mass and benign-appearing calcifications.
Subtle findings define non-specific findings perceptible in an initial negative screening
mammogram but that subsequently develop into cancer. These kinds of findings are often seen in
clinical practice, but do not necessarily warrant a recall (Ikeda et al. 2003). In the multicenter study
of Warren Burhenne et al. (2000) 67% (286 of 427) of lesions were visible in prior mammograms,
but only 27% (115 of 427) were interpreted by a panel of radiologists as warranting a recall.
Interval cancers are defined as cancers in patients presenting with clinical findings before the
next scheduled mammogram. True-interval cancers are not visible in a prior mammogram, and 42
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to 89% of interval cancers have been found to be those (Evans et al. 2007, Simpson et al. 1995,
Frisell et al. 1987, Ikeda et al. 1992, Saarenmaa et al. 1999). Blanks et al. found that at least 40% of
false negative interval cancers corresponded to lesions originally detected and misclassified as
benign (Blanks et al.1999).
Most of these retrospectively visible cancer lesions occurred in dense breasts, and were
asymmetric densities or architectural distortions (Bird et al. 1992, Harvey et al. 1993, Ikeda et
al.1992, Saarenmaa et al. 2001). In younger patients the most frequently missed or misinterpreted
feature were granular microcalcifications (38%) (Evans et al. 2007).
2.2 Computer-aided detection (CAD)
Computer-aided detection (CAD) is aimed towards reducing the false-negative rate of screening
mammography by marking suspicious mass lesions and microcalcifications. CAD is not designed to
replace the radiologist, but rather to help the radiologist in detecting possible abnormal lesions. In
1998, the US Food and Drug Administration approved the first CAD system for clinical use in
screening mammography. Today, the Food and Drug Administration has approved three CAD
systems for clinical use: ImageChecker (R2 technology, Sunnyvale, CA), Second Look (CADx
Medical Systems, Laval, Quebeq, Canada) and MammoReader (Intelligent Systems Software,
Clearwater, FL). In the use of film-screen mammography, the CAD system needs a film digitizer, a
processing computer, and an image display system but in the case of digital mammography, the
CAD system may be integrated. The CAD system makes special marks at the location of
microcalcifications, masses, and dense areas.
2.2.1 Sensitivity of CAD
Sensitivity of CAD systems in retrospective studies ranged from 76 to 98% (screen-detected
cancers), with sensitivity being higher for microcalcification than for masses. There were 0.5 to 1.3
false-positive marks per image (Morton et al. 2006, Brem et al. 2005, Malich et al. 2001,
Karssemeijer et al. 2003). The threshold for abnormality detection is adjustable, so when the
sensitivity of the system is high, then the number of false-positives also increases. In a study by
Hoffmeister et al. (2002) ImageChecker and Second Look showed no significant differences in
sensitivities. In a recent study, R2 ImageChecker M1000, version 5.0A was significantly more
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sensitive for finding small (<16 mm), noncalcified mass lesions than iCAD Second Look, version
6.0, 81.8% vs. 60.9% (Ellis et al. 2007).
The sensitivity of the CAD system deteriorated significantly as the density of the breast
increased, whereas the specificity remained relatively constant (Ho et al. 2003). Brem et al. (2005)
and Malich et al. (2005) found that breast density does not impact overall CAD detection of breast
cancer, but the sensitivity for mass lesions in dense breasts may be lowered.
The sensitivity for finding “missed” lesions has ranged from 62 to 86%, with again sensitivity
being higher for microcalcifications (Karssemeijer et al. 2003, Destounis et al. 2004, Warren
Burhenne et al. 2000, Birdwell et al. 2001). CAD is reported to have the potential to reduce the
false-negative rate at a double reading by more than one-third (from 31 to 19%) (Destounis et al.
2004).
2.2.2 Experimental studies
In experimental study settings of readings with and without the CAD system have had various
impacts on readers’ performance. In the studies by Thurfjell et al. (1998) (51 cancers; one screening
and one clinical radiologist; readings in different sessions) and Balleyguir et al. (2005) (13 cancer;
one senior and one junior reader; readings at the same session), they found that CAD might be more
helpful for less experienced mammography readers than for expert screeners. Taylor et al. (2004)
compared the performance with and without CAD with 30 radiologists, 5 “breast clinicians”, and 15
radiographers (60 cancers; readings in different sessions) and found no difference in impact of CAD
for readers performing well or poorly. Nor did they find any significant change in sensitivity or in
specificity, but they complained about the small number of difficult cancers (16) regarding which
real improvements could be detected. They then carried out a new study using a data set of 40
cancers missed by at least one radiologist at screening but which were marked by CAD; the
sensitivity improved but was slightly below the threshold for statistical significance (Taylor et al.
2004). Ciatto et al. (2003) reported a significant increase in sensitivity as well as a significant
decrease in specificity when 19 readers viewed 11 false-negative cases and 20 with minimal signs.
Taplin et al. (2006) found increased specificity but no affect on sensitivity from use of CAD. Breast
density did not seem to affect CAD’s performance. In the study of 10 radiologist reading
mammograms showing clustered calcifications, variation in accuracy was reduced by 46% with
CAD aid (Jiang et al. 2001).
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2.2.3 Prospective studies
When the same images in clinical settings were interpreted first without and then with CAD, the
increase in cancer detection ranged from 4.7 to 19.5% (Ko et al. 2006, Morton et al. 2006, Freer et
al. 2001, Helvie et al. 2004). Freer et al. had two radiologists who read 12 860 screening
mammograms first without and subsequently with CAD aid in the same sessions. They reported a
19.5% improvement in cancer detection rates. One limitation may be that they had only two film
readers, who knew while viewing the mammograms without CAD that they would have the “safety
net” of CAD in the next reading. In the prospective study by Ko et al., 5 016 mammograms (48
cancers) were interpreted with and without CAD in a manner suggested by developers: the reader
could not change the recall decision to a negative assessment based on lack of CAD marking. Two
additional cancers emerged in a 26-month study period, in a 12-month follow-up, three interval
cancers developed; one of which was marked by CAD but had been ignored by the reader. The
follow-up was based on the hospital’s cancer registry and therefore was incomplete; there might
have been more false-negatives. For those 2 additional cancers found, an additional 89 women were
recalled, and an additional 6 were biopsied. The increase in absolute recall rates were 1.2 to 2.0%.
When historical changes were compared before (56 432 mammograms) and after (59 139
mammograms) installation of the CAD system, Gur et al. (2004) reported no significant increase
(1.7%) in their cancer detection rate. Cupples et al. (2005) reported 16.1% of increase in cancer
detection rate but due to sample-size limitation their differences did not reach significance (7 872
mammograms read without CAD and 19 402 with CAD). They found also a younger age at
diagnosis and a significantly earlier stage of invasive cancer detection. Recall rates remained
unchanged 11.4% (Gur) or increased from 7.7 to 8.3% (Cupples).
2.3 Ultrasound and magnetic resonance imaging
Even though mammography is the best way for breast cancer screening, additional modalities are
needed for further evaluation and diagnosis of breast lesion. Ultrasound (US) plays an important
role as an examination complementary to mammography, especially in younger women and those
with dense breast parenchyma. Axillary areas are imaged with US in order to find suspicious lymph
nodes, and needle biopsies of breast lesions are most often taken under US-control. Breast US can
detect additional cancers and also downgrade lesions from cancer-positive to cancer-negative when
used with mammography (Saarenmaa et al. 2001, Flobbe et al. 2003). Malignant features in US are
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irregular shape, microlobulated or spiculated margins, and reduction or shadowing of the beam.
Benign lesions are usually round or oval in shape, with circumscribed margins and enhancement of
the beam.
Breast MRI is most useful for preoperative evaluation of breast carcinoma, and for screening
asymptomatic BRCA mutation carriers. Traditionally MRI has been regarded to be more sensitive
than mammography in imaging of invasive cancers but according to new results it is more sensitive
for in situ cancers as well. In a prospective study of 7 319 women, 167 women with DCIS
preoperatively had both MRI and mammography: MRI was more sensitive in detecting these
lesions 92% versus 56%. MRI was especially helpful in diagnosis of high nuclear grade tumors.
(Kuhl et al 2007). Women genetically predisposed to breast cancer often develop the disease at a
young age when dense breasts reduce the sensitivity of X-ray mammography. Contrast-enhanced
MR imaging was significantly more sensitive than mammography, 77% versus 40% (Leach et al
2005).
In a prospective study of 111 women with known cancer, in nonfatty breasts, US and MR
imaging were more sensitive than mammography for detection of local extent of invasive cancer.
Combined mammography, clinical examination, and MR imaging were more sensitive than any
other individual test or combination of tests (Berg et al. 2004).
2.4 Breast lesion biopsy
Breast lesion biopsies include surgical biopsies, or less invasive needle biopsies. Biopsies have been
taken under palpation control, in current practise imaging guidance is recommended; US guidance,
or if lesion is invisible in ultra-sound, it can be localized from mammography by use of a 3-
dimensional stereotactic technique.
2.4.1 Fine needle aspiration cytology (FNAC)
A 20- to 25-gauge needle with a 10-ml syringe in a special holder is used to aspirate cells from the
lesion. Usually, two to five separate aspirations are made from different areas of the lesions.
A pathologist performs the cytological analysis. In Finland the cytological grading of
Papanicolaou is used: 0 = insufficient, 1 = normal, 2 = probably benign, 3 = mildly suspicious of
malignancy, 4 = strongly suspicious of malignancy, 5 = malignant. The National Health Service
Breast Screening Program (NHSBSP) has proposed another classification for cytological results,
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which is nowadays widely used in Europe and United States: C1, inadequate sampling, C2, benign
lesion, C3, probably benign lesion, C4, suspicious of malignancy, and C5, presence of carcinoma-
like cells.
In one study of US-guided FNAC, 213 malignant and 580 benign, palpable, and non-palpable
lesions were aspirated. C4 and C5 combined gave a sensitivity of 95%. Specificity was 92% and
accuracy 93%, when 27 (3%) C1 specimens were included in the group of C2 (Gordon 1993). US-
guided FNAC resulted in 13.6% fewer insufficient aspirates and 16.5% better sensitivity (C4-5)
than did freehand FNAC in a study of 102 palpable breast cancers (Houssami et al. 2005).
Sensitivity of 97.5% (suspicious and positive outcomes combined) was found versus 90%
sensitivity of CNB in the Ballo et al. (1996) study of 124 palpable breast lesions (mean size, 4.4
cm), but CNB did contribute to a more definitive diagnosis in some cases.
In his review article, Britton (1999) introduced terms “absolute sensitivity” and “complete
sensitivity”, better way for comparing results from several studies; absolute sensitivity means
unequivocal malignancy (Papa 5, C5), and complete sensitivity means categories of atypia,
suspicious of malignancy, and malignancy (C3-5, Papa 3-5). Absolute sensitivities for FNAC were
62.4% (stereotactic biopsy) and 83.1% (ultrasound biopsy), complete sensitivities were 83.1% and
95.1%. Specificities for these procedures were 86.9% and 84% (Britton 1999).
Advantages of FNAC include rapidity of the procedure and a possibility for immediate
diagnosis, easy performance in outpatient settings, relative painlessness without need for local
anesthesia, low cost, easy mastery of the technique, and easy clinicopathological correlation.
Disadvantages of FNAC include relative high rate of insufficient samples, 8 to 34% (Britton
1999, Pisano 2001, Lieske 2006), being higher for calcifications (46%) and for other nonpalpable
lesions in stereotactic guidance (40%) (Pisano 1998). The false-negative rate has been reported as 2
to 13% (Ciatto 1992, Lieske 2006). The false-negative results are partially the result of
underreporting of abnormalities that may be noted at review (Bulgaresi 2005). A major
disadvantage is inability to distinguish invasive from in situ lesions; FNAC showed an
overestimation for DCIS of 9% (Pijnappel 2004).
2.4.2. Core needle biopsy (CNB)
14G needles are preferred in automated guns compared to 16G and 18G needles (Nath et al. 1995).
For the exact tumor classification, Parker et al. (1994) suggested a standardized protocol approach
that includes a prone biopsy table, long-throw (2.3 cm excursion) biopsy gun, 14G cutting needles
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and removal of five or more tissue samples per lesion. In their study, CNBs were taken with both
US and stereotactic guidance (Parker 1994). The average specimen weight with a 14-gauge
automated biopsy was 18 mg in a study with a turkey-breast parenchymal model (Berg et al. 1997.
A Finnish study found that more than three samples are needed for a histologic diagnosis of a mass
lesion by use of an add-on stereotactic biopsy device (Koskela et al. 2005). With three-dimensional
ultrasound, three CNB were found to be sufficient for reliable histological diagnosis (Sauer et al.
2005).
In Finland, pathologists give a specific descriptive statement of the outcome of CNB, and the
following classification according to European guidelines is used: normal/insufficient for diagnosis
of lesion or calcification, specific benign diagnosis (e. g. fibroadeoma, fat necrosis), benign with
minor risk of malignancy (e. g. atypical ductal hyperplasia (ADH), radial scar), suspicious for
malignancy, or malignant (European guidelines for quality assurance in mammography screening-
fourth edition). The classification of CNB outcomes is proposed by NHSBSP in the following way:
B1, unsatisfactory/normal tissue only; B2, benign; B3, benign with minor or uncertain malignant
potential; B4, suspicious of malignancy; B5, malignant (B5a non-invasive cancer, B5b invasive
cancer, B5c cancer of nonassessable invasiveness). Absolute sensitivity as suggested by Britton
includes only B5 and complete sensitivity B3-B5.
A multi-institutional study showed follow-up (surgical follow-up for 1 363 lesions) results of
3 765 lesions with 14G needle biopsy; complete agreement between needle biopsy and surgical
biopsy was reached in 1 223 (89.7%) lesions, partial agreement in 125 (9.2%) and disagreement
(false-negatives) in 15 (1.1%) lesions (Parker 1994). In their review, absolute sensitivities for
stereotactic biopsy and ultrasound biopsy were 90.5% and 96.7%, and complete sensitivities were a
respective 94.6% and 98.5%. Specificities for CNB were 98.3% for stereotactic and 98.7% for US-
biopsy (Britton 1999). In a study by Jackman et al. (1999), stereotactic CNB was performed with a
14-gauge needle for 483 nonpalpable lesions in order to estimate false-negatives and
underestimation rates. Some lesions were confirmed by another biopsy or in surgery, or lesions
were mammographically followed-up. The false-negative rate was 1.2%, 58% of ADH were
carcinoma in surgery, and the histologic underestimation rate for DCIS was 15% (Jackman 1999).
In a prospective multicenter COBRA study (COre Biopsy after RAdiological localisation), 1 029
nonpalpable lesions were offered streotactic 14G needle biopsy. Of the 871 successful biopsy
procedures, 95% were confirmed surgically. There was 1.5% with insufficient material and 4%
false-negatives; 23% of the high-risk lesions were diagnosed as cancers in surgery (Verkooijen et
al. 2002).
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Equal absolute sensitivity (75% vs. 72%), positive predictive value (PPV) for malignancy
(99% vs. 100%), and inadequate rate (7% vs. 7%) was found for US-guided CNB and FNAC taken
from the same lesions (n = 286) and by the same operator. But the specificity for CNB was
significantly better (90 vs. 82%), differences emerged for PPV of suspicious and atypia categories,
and for the suspicious rate. In all of these cases CNB performed better (Westenend et al. 2001).
Another study of 869 malignant lesions (both CNB and FNAC taken from the same lesion) found
absolute sensitivity of 80% for CNB and 65% for FNAC. The same trend appeared regardless of
guidance method (Lieske et al. 2006). Conversion to CNB from FNAC in a single center increased
absolute and complete specificity, and reduced inadequate rate and suspicious rates in preoperative
diagnosis of both the screen-detected and symptomatic practice (Shannon et al. 2001). Together
FNAC and CNB can lead to an increase in absolute sensitivity without affecting specificity, and a
decrease in the inadequate rate for cancers (Westenend et al. 2001, Lieske et al. 2006).
Advantages of CNB include low rate of insufficient samples (Britton 1999), a better definition
of atypical and malignant lesions (Sun et al. 2000), and minimum errors in interpretation. CNB also
offers an option for the grading and typing of tumors and assessment of progesterone and estrogen
receptor status and HER-2 by immunocytochemistry, thereby making diagnostic information more
available for treatment options (Shannon et al. 2001, Al Sarakbi et al. 2005, Sutela et al. 2007).
Disadvantages of CNB include need for local anesthesia, it is time-consuming and expensive,
and there is a risk for complications such as hematomas (Sun et al. 2000). Discussion continues as
to the increased risk of local recurrence after core-needle biopsy on patients treated with breast
conservation surgery and radiation therapy. Recent studies have suggested otherwise (Chen et al.
2002, Fitzal et al. 2006).
2.4.3. Vacuum-assisted biopsy
Vacuum-assisted biopsies (VACB) are taken with 8-, 11-, and 14-gauge probes (e. g. Mammotome,
Biopsys/Ethicon Endo-Surgery, Cincinnati, OH, USA and Minimally Invasive Breast Biopsy,
United States Surgical, Norwalk, CT, USA). This probe can be inserted once, with multiple
specimens (5 to 64) obtained from a single insertion. The tissue is acquired at a distance from the
probe and the volume is larger than with a 14-gauge core-needle biopsy (37 mg for 14-gauge and 94
mg for 11-gauge) (Berg 1997). The vacuum-assisted biopsy probe enables placement of a localizing
clip to mark the biopsy site. VACB can be performed under US- or stereotactical guidance, and the
procedure requires local anesthesia. In the review article by Plantade et al. (2004) 2 130 VACB
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were evaluated to assess its reliability in diagnosing atypical ductal hyperplasia and DCIS. The
resection revealed an underestimation of 10 of 37 (27%) for ADH and of 12 of 319 (3.8%) for
DCIS. Three-dimensional US-guided and stereotactical VACB allows even complete excision of
benign breast lesions and thus avoidance of open surgery and postoperative scarring (Pfarl et al.
2002, Baez et al. 2003).
The largest series of automated (14G) and directional vacuum-assisted (11G) CNB reported
thus far is a study by Ciatto et al. (2007), reporting the accuracy of 4 035 core biopsies. The overall
yield of malignancy was 30%. The overall sensitivity of CNB was 94.2% (92.9-95.5%) and
specificity 88.1% (86.6-89.6%). Positive predictive value was 84.8% (82.9-86.7%) and negative
predictive value was 95.6% (94.6-96.6%). The insufficiency rate was 0.57%, which decreased with
greater operator caseload; the false-negative rate was 4.4% (3.4-5.4%). Vacuum-assisted biopsy
(11G) was more sensitive than 14G automated core but their overall accuracy was very similar. The
overall underestimation of CNB was 27.7%, with a significant trend toward greater underestimation
of malignancy with increasing lesion size on imaging. A larger needle gauge and vacuum-assisted
core devices reduced underestimation as did increasing the total volume of tissue obtained at CNB
(Houssami et al. 2007a). From the same series, of the 372 lesions with uncertain malignant potential
(borderline histology) identified, approximately one-third were malignant on excision. Atypical
ductal hyperplasia and lobular intraepithelial neoplasia were associated with higher probability of
cancer, whereas phyllodes tumor and radial scar had the lowest PPV for malignancy (Houssami et
al. 2007b).
2.4.4. Cost-effectiveness of different biopsy techniques
Utilization of FNAC and CNB (14-gauge) is a cost-effective way to spare women from unnecessary
open surgical biopsy without compromising breast carcinoma detection (Logan-Young et al. 1998).
The article by Liberman and Kaplan (2001) reviewed studies comparing the utility and costs of
percutaneous core biopsies of nonpalpable lesions to surgical biopsies. Ultrasound-guided core
biopsy spared the patient a surgical procedure in 85% of cases, reducing the cost of diagnosis by
56%, while the same numbers were 76 to 85% and 40 to 58% with stereotactic 14-gauge automated
core biopsy, and respectively 76% and 20% with stereotactic 11-gauge VACB.
Liberman et al. (2001) suggested using stereotactic 11-gauge VACB for calcifications highly
suggestive of malignancy rather than CNB to achieve the highest cost savings (Liberman et al.
2001).
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Altomare et al. compared the use of FNAC and Advanced Breast Biopsy Instrumentation
(ABBI) or vacuum biopsy (VACB) in sequence instead of surgical biopsy. The surgical procedure
was thus avoided in 97.1% cases, yielding a 73.9% decrease in the cost of diagnosis compared with
that for surgical biopsy (Altomare 2005).
27
3. AIMS OF THE STUDY
I: To evaluate whether breast cancers detected at screening had been visible in previous
mammograms and to assess a computer-aided detection system in detecting lesions in preoperative
and prior mammograms.
II: To evaluate the effect of computer-aided detection on readers’ performance.
III: To study the effect of different numbers of readers on sensitivity and specificity of
mammography, and to compare independent reading of several radiologists to conference consensus
reading.
IV: To compare feasibility of FNAC and CNB in diagnosis of breast lesions. The special aim was to
evaluate the extra costs and delay in surgical treatment due to unsuccessful preoperative biopsies.
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4. MATERIALS AND METHODS
All the study protocols were approved by the Ethics Committee of Helsinki University Hospital.
4.1 Material
Mammography films of a total of 200 women, used in Studies I, II and III, were filmed in
mammography screening in Helsinki during the years 1997 to 2001. In 2001, 104 women were
referred for surgery, and 83 breast cancers were detected in 81 women. Of those 104 women
operated on, 23 exhibited benign histological findings. Of the 81 women operated on for breast
cancer, 67 had mammograms taken in earlier screening rounds. Of these 67 women, 65 had breast
cancer in 1 breast and 2 in both breasts. The preoperative mammograms and mammograms from
previous screening rounds of these 67 women with 69 cancers were used in Study I.
Studies II and III, involved previous films of 33 women with 35 cancers, preoperative films of
16 cancer patients, and 8 women with operated benign findings. In addition to those films, another
125 women had mammograms that showed no malignancy in 4 years’ follow-up.
In Study IV, the material included a consecutive 572 women with 580 lesions operated on at
the Breast Surgery Unit of Helsinki University Central Hospital between 1 February 2005 and 30
January 2006. The postoperative diagnosis was ductal carcinoma in situ (DCIS) or invasive cancer
for 503 lesions in 496 patients. Patients operated on because of aberrant breast tissue and
hypertrophic breasts, as well as those with suspicion of local recurrence after mastectomy, were
excluded. Furthermore, 12 patients with vacuum-assisted biopsy as well as 50 patients with CNB
obtained under stereotactical guidance were excluded, because these biopsy methods are used on
occasions when FNAC is not recommended, such as for diffuse microcalcifications. In 575 lesions,
a radiologist performed the initial percutaneus biopsies under US guidance or under palpation. On
two occasions, the biopsies, one FNAC and one CNB, were obtained under palpation check by a
surgeon. Two FNAC and one CNB were taken from microcalcifications under a coordinate grid
technique. FNAC was the first biopsy method for 339 lesions and CNB for 241. Most of the private
clinics and small radiology divisions have not introduced CNB and have taken only FNAC, whereas
the larger breast-imaging units have used primarily CNB. In these units FNAC is used if the
location of the lesions is not safe for CNB or it is not technically possible to take CNB. In the CNB
group, the lesions on imaging were larger; more lesions had a mass combined with
microcalcifications, fewer lesions were invisible in a mammogram, and more lesions had invasive
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lobular cancer as the postoperative diagnosis. Otherwise, between the FNAC and CNB groups,
lesion characteristics were well balanced (Table 1.)
Table 1. Characteristics of the 580 breast lesions undergoing fine needle aspiration cytology
(FNAC) or core needle biopsy (CNB)
FNAC CNB p-value
(n=339) (n=241)
n % n %
Clinical feature
Median patient age 59y 58y
Symptomatic 203 60 137 56 0.0528
Palpable 237 70 166 69 0.8549
Median size in imaging 15 mm 20 mm
Size < 10 mm 75 22 29 12 0.005
Range of size in imaging 3-80 mm 5-60 mm
Finding in mammogram
Mass 245 72 169 70 0.5774
Mass+ microcalcification 17 5 34 14 0.0002
Architectural distortion 20 6 20 8 0.31
Microcalcification 9 3 9 4 0.47
Invisible 29 9 6 2 0.0023
Only US taken 19 6 3 1 0.007
Finding in ultrasound
Benign in US 32 9 20 8 0.6614
Intermediate in US 39 12 20 8 0.2647
Malignant in US 266 78 200 83 0.2034
Invisible in US 2 0.6 1 0.4 1
Suspicious lymph nodes 24 7 10 4 0.15
Postoperative diagnosis
Benign 50 15 27 11 0.2637
DCIS 8 2 9 4 0.4545
IDC 194 57 124 51 0.1763
ILC 59 17 65 27 0.0074
Other invasive cancers 28 8 16 7 0.5265
Abbreviations: DCIS = ductal carcinoma in situ, IDC = invasive ductal carcinoma, ILC = invasive
lobular carcinoma. Fisher’s exact test for the two-tailed p-values was used.
For 274 lesions, breast imaging and biopsies were performed or directly supervised by experienced
radiologists at the Department of Radiology of HUCH. Of these biopsies, 80 (29%) were FNAC
and 194 (71%) CNB. For 293 lesions, the biopsies were performed by radiologists at private clinics;
250 (85%) were FNAC and 43 (15%) CNB. The remaining 12 specimens, 8 FNAC and 4 CNB,
were obtained in public health care hospitals other than HUCH. In HUCH, the CNB were taken
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with a 14-gauge core needle. Information regarding needle gauge was not available from all of the
referral units.
The cyto- or histopathological assessment of 281 percutaneus biopsies, 86 FNAC and 195
CNB was performed or directly supervised by experienced breast pathologists at the Department of
Pathology of HUCH. The remaining 299 specimens, 253 FNAC and 46 CNB, were assessed at
other public health care- or private pathology laboratories by specialist pathologists. All the surgical
breast specimens were assessed at the Department of Pathology of HUCH.
4.2. Methods
4.2.1. Finding the “missed lesions”
Of the 81 women with breast cancer, 67 had mammograms taken in earlier screening rounds. These
previous films of 67 women with 69 breast cancers were read first without knowledge of the
preoperative mammograms. Lesions in previous mammograms that an experienced radiologist
thought suspicious for cancer were compared to cancer lesions in preoperative mammograms.
Those suspicious lesions in prior mammograms that matched the cancer lesions in preoperative
mammograms were considered “missed” lesions. For Study II, these “missed lesions” were
classified “actionable” if they had distinct features suggesting breast cancer, or “subtle finding” if
the appearance of the lesion was less specific.
The imaging findings in mammography were described as stellate/spiculated mass,
circumscribed mass or only a mass (Study IV), microcalcification, mass + microcalcification or
architectural distorsion. Sizes of the lesions on imaging were also noted.
Breast parenchymal structure in mammograms was classified into five groups based on the
pattern classification introduced by Tabar (Gram 1997). Lesion histology and lymph node
involvement was noted from TNM staging (Tumor, Regional Lymph Nodes, Distant Metastasis)
(Study I).
4.2.2. CAD
The films used in Studies I (all the mammograms from previous screening rounds and preoperative
mammograms), and II and III (all mammograms of 200 women) were analyzed by Second Look™
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(v. 4.01; CADxSystems, Inc., Beavercreek, OH, USA). The system has a film digitizer with a
43.5μ-pixel resolution with 12 bits per pixel (Howtek). The system assigns microcalcifications and
tumor masses with special marks (CalcMark™ and MassMark™). The Paper print Mammagram™
was used to analyze the results. Every woman had two views taken from each breast: craniocaudal
and mediolateral oblique. A correct mark in one projection was treated as a true-positive. If two
marks overlapped, they were treated as one. All CAD-prompted sites in prior mammogram were
checked from preoperative mammograms. If CAD made marks in cancer patient’s healthy breast or
marked incorrect locations in a cancer breast, these were considered false-positives, whereas a
healthy breast without marks by CAD was treated as true-negative.
4.2.3. Methods used in study I
Study I compared size and morphology of lesions in prior and preoperative mammograms as well as
the performance of CAD on detecting these lesions. A resident with one year experience in
mammography read previous mammograms without seeing preoperative mammograms. The
sensitivities and specificities of CAD and resident were compared.
Sensitivity = True Positive/ (True Positive + False Negative)
Specificity = True Negative/ (False Positive + True Negative)
No statistical comparisons were made in Study I.
4.2.4. Methods used in Studies II and III
From Study I, films of 33 women, with 35 “missed” cancers, were available at the time of Study II.
In addition to those cancer lesions on prior mammograms, the material included 16 screen-detected
and histologically proven cancers, 8 operated benign lesions, 25 non-operated benign lesions, and
316 breasts without lesions (in 4 years’ follow-up they showed no malignancy). The material was
divided onto two rollers, films of 100 women in each roller: eight screen-detected cancers on each
roller and the retrospectively found actionable or subtle cancers randomly divided between rollers.
Test readers from the Helsinki area were invited, and eight radiologists volunteered. This test
group comprised four radiologists with experience in screening mammography ranging from 5 to 18
years, two general radiologists, and two residents, each of whom had 6 months to 4 years of
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experience in clinical mammography. None of the readers had prior experience in CAD. They were
given an explanation of prompting and of the behavior of the CAD system, thus becoming aware of
the rather high sensitivity and low specificity of CAD. They were told that the material was
enriched with breast cancers but were unaware of the number of cancers. Readers worked
independently. The readers received numbered breast maps, on which they drew the area and
feature of suspected pathological lesions: stellate mass, circular mass, microcalcification, or
architectural distortion. The correct feature in the correct location was considered a true positive.
Readers were asked not to mark benign lesions.
Roller A contained the films of 100 women; 19 of 26 cancers (73%) were marked by CAD. In
Study II, the readers viewed films first without CAD and then, after a minimum interval of 7 days,
again with CAD. For both sessions they could spend as much time as necessary. Roller B also
contained films of 100 women, 17 of 25 cancers (68%) were marked by CAD. Readers also viewed
this roller twice: first without CAD, and again after 7-day minimum interval, with CAD. Only for
roller B did they have a time limit: 60 minutes for the screening radiologists and 90 minutes for
other readers. They recorded the time they used in each of the four sessions. For both rollers, the
time interval between readings without and with CAD ranged from 7 to 21 days (mean 12 days).
Every film reader’s reading with and without CAD was cross-tabulated with the pathological
finding as a layer factor, and the sensitivities and specificities of these two methods were then
compared by use of the modified McNemar test (Hawass 1997) and with a small sample size
formula introduced by Conover (1980) was used. Making multiple observations per woman (both
breasts) may induce bias in p-values. Statistical tests were therefore adjusted for this bias by taking
the intracluster correlation into account as suggested by Gönen et al. in 2001. The Yates' correction
was used for continuity. The total numbers of correct and incorrect diagnoses for rollers A and B
were compared with the chi-square test.
Every change between readings without and with CAD was compared to CAD prompts to see
whether the changes were resulted from CAD. The sensitivity, specificity, and false-positive rate of
CAD were then calculated.
The time used for image reading was analyzed with the general linear model. The independent
variables (use of CAD vs. no CAD, free reading schedule vs. prompted reading schedule, and the
reader effect) were all simultaneously entered into the model. The first two were fixed factors and
the third a random factor. SPSS 12.0 software (SPSS Inc. Chicago, IL, USA) served for the
analysis.
Study III used only the readings without CAD. Each breast (n = 400) was classified as cancer-
positive or cancer-negative by each radiologist. The radiologists' readings were cross-tabulated with
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the pathological findings (positive or negative). The sensitivities, specificities, and accuracies were
calculated. The readers were arranged in order from 1 to 8 according to their sensitivities. The
independent double-reading of each possible reading pair (28) was calculated.
The independent readings of virtual groups of different sizes were assessed by accepting even
a single positive opinion as the group decision. This was done by considering groups consisting of
the best readers 1 and 2; 1, 2 and 3; 1, 2, 3, and 4, and so forth until all 8 were included in the
group. The same was done by starting from the least sensitive readers 8 and 7; 8, 7 and 6 and so on.
Conference consensus readings were defined as the majority opinion in the group; in case of a
paired number of readers and equal votes the cancer-positive opinion prevailed (for instance, 3/6
readers). The calculations were performed in the same manner as described above.
4.2.5. Methods in study IV
The data were collected retrospectively from the patient records. The type of initial and potential
subsequent biopsies with their results were recorded and also compared with the histological
findings of the surgical specimen. Cytological grading of Papanicolau (0 = insufficient, 1 = normal,
2 = probably benign, 3 = mildly suspicious of malignancy, 4 = strongly suspicious of malignancy, 5
= malignant) was used for FNAC. CNB findings were classified as insufficient, benign,
indeterminate, suspicious of malignancy, or malignant. The indeterminate category consisted of
findings that warranted a surgical biopsy: atypical ductal hyperplasia (ADH), lobular carcinoma in
situ (LCIS), papilloma, radial scar, or benign tumor phyllodes.
Absolute sensitivities - number of invasive or in situ cancers diagnosed as Papa 5 or
invasive/in situ cancers in CNB divided by the total number of invasive or in situ cancer - were
calculated, and complete sensitivities - number of invasive or in situ cancers diagnosed as Papa 3 to
5 or indeterminate to cancer in CNB divided by the total number of invasive or in situ cancers.
Differences between sensitivities of FNAC and CNB groups were calculated by Fisher’s exact test
for the two-tailed P-values and by Newcombe’s method for 95% confidence levels.
Time interval was calculated between initial biopsy and the definite surgical treatment among
490 women with in situ or invasive breast cancers. Patients who received neoadjuvant therapy (n =
4) or those with the operation postponed due to comorbidity (n = 2) were excluded from this
analysis.
When biopsy result was insufficient for treatment planning and needed additional work-up, or
a false biopsy result caused unnecessary operations, these extra expenses were recorded. For
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patients with benign, indeterminate, or insufficient findings in the needle biopsy but invasive cancer
in the surgical specimen, axillary surgery was performed as a second operation. In these cases, the
price of the surgical biopsy was added. In patients with benign or indeterminate findings in the
needle biopsy but DCIS with insufficient resection margins in the surgical biopsy, no extra charges
were added. If a patient was operated on because of an indeterminate biopsy finding, and the
postoperative diagnosis was not malignant, the expenses of the surgical biopsy were charged. When
the initial or additional CNB showed DCIS, but invasion was detectable in the surgical specimen,
the expenses of axillary surgery were not charged when SNB was included in the operation. In
cases with unnecessary axillary surgery because of a false-positive biopsy finding, the costs of
axillary surgery were added, but not in cases with FNAC PAPA 4 to 5 and DCIS for the surgical
specimen.
Because of the variety of referring units, the HUCH price-list for radiological, pathological,
and surgical interventions was used (Table 2).






Histology of CNB 40
Cytology of FNAC 55
Histology of surgical biopsy specimen 100
Histology of sentinel node 365
Surgery
Inpatient care per day 300
Outpatient visit 75
Surgical biopsy under local anesthesia 680
Surgical biopsy under general anesthesia 1120
Sentinel node biopsy 1520
Abbreviations: US = ultrasound, CNB = core needle




In 2001, 67 women with previous mammograms, had 69 breast cancers surgically removed (Group
A). A radiologist experienced in screening mammography detected 36 (52%) lesions visible in
mammograms from previous screening rounds (Group B). Of these 36 lesions, 27 were visible in
mammograms taken 2 years earlier (in 1999); seven lesions were visible in both 1997 and 1999
mammograms. Four years earlier (in 1997), two patients underwent mammograms which already
showed signs of the lesion. The proportion of small mass lesions was higher in previous
mammograms (Group B, “missed” lesions) than in preoperative mammograms (Group A,
preoperative lesions) (Table 3).
Table 3. Characteristics of lesions visible in mammograms 2 to 4 years before





n % n %
Number of women 34 67
Visible in 1997 9 25
Visible in 1999 27 75
Finding in mammogram
Stellate 22 61 37 54
Circumscribed 7 19 12 17
Microcalcification 3 8 13 19
Architectural distortion 4 11 7 10
Size < 10 mm 14 39 6 9
Size 10-20 mm 20 55 50 72
Size > 20 mm 2 6 13 19
Postoperative diagnosis
Invasive carcinoma 34 94 66 96
In situ cancer 2 6 3 4
The distribution of lesions histology and breast parenchymal patterns was similar in Groups A and
B. Half the cancers were ductal, and between 22 and 29 % were lobular carcinomas. Those
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exhibiting a normal parenchymal pattern (I) amounted to 40%, 35% exhibited adenosis (IV), and
the rest showed evenly fatty infiltration (II), retromamillary fibrosis (III), and fibrosis (V).
At the time of operation, the breast carcinoma had spread to ipsilateral lymph nodes (N1) in
25 (37%) of the 67 patients. Of these 25, 13 exhibited lesions visible in previous mammograms
(Group B).
Mammograms from 2001 (Group A) were analyzed with CAD, which correctly marked 56
(81%) of the 69 breast cancers (Table 4.)
Table 4. True-positive marks by CAD in preoperative mammograms: Group A (n:69)










Architectural distortion <10 -
10-20 4/5
>20 2/2
Of 65 healthy breasts CAD registered 63 (97%). Only two healthy breasts scored true-negatives.
The sensitivity of CAD to accurately register breast cancer in Group A was 81%; the specificity of
CAD was only 3%, and CAD marked a mean of 1.2 false-positives per film.
Previous mammograms (films of 67 women) were analyzed with CAD, which correctly
marked 23 (64%) of the 36 visible malignant lesions (Table 5). CAD prompts were compared to
cancer lesions in preoperative mammograms, and CAD did not find additional “missed” lesions
compared to those found by an experienced radiologist.
37
Table 5. True-positive marks by CAD in previous mammograms performed a mean 2
years before surgical treatment: Group B (n = 36)










Architectural distortion <10 -
10-20 3/3
>20 1/1
Of 23 cases, CAD marked lesions accurately in 10 in both projections: one 8-mm stellate lesion,
five 10-to 20-mm stellate lesions, one 5-mm and one 10-mm cluster of microcalcifications, one 8-
mm circumscribed lesion and one architectural distortion 15-mm in diameter. The lesion of
architectural distortion was already visible in 1997 and 1999. In both years, CAD marked the lesion
but then missed it in the preoperative mammogram in 2001. A similar result was found with the 8-
mm stellate lesion, which was correctly marked in both projections in the previous mammogram in
1999 but produced a false-negative in the preoperative mammogram in 2001. CAD missed six
breast cancers, sizes 8 to 13 mm, in both previous and preoperative mammograms. Four of these
lesions were stellate, one was circumscribed, and one consisted of microcalcifications. Overall, the
sensitivity of CAD was 64% in Group B. Of 32 healthy breasts, CAD incorrectly registered 29,
meaning that only three healthy breasts were correctly designed as true-negatives. Altogether, CAD
registered between one and seven false-positives per woman. As a result, the specificity of CAD
was low (9%).
The resident found 22 of the 36 malignant “missed lesions” in Group B, but made 11 false-
positive findings, resulting in a sensitivity of 61% and a specificity of 89%.
Of the 22 lesions detected by the resident, CAD marked 15 in addition to detecting eight other
“missed lesions.” The distribution of those eight lesions’ histology, morphology, size, and breast
parenchymal pattern resembled that of all 36 lesions in Group B. Together, of 36 lesions in Group B
CAD and the resident found 30 (83%).
Of these 67 women, 33 had normal previous mammograms. The breast parenchymal pattern
distribution was essentially the same as in breasts with “missed” lesions. CAD marked 1.34 false-
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positives per film (5.4 marks per woman). None of the marks occurred in locations where
carcinomas later appeared, and as many false-positive masses appeared as did false-positive
microcalcifications. The results from all previous mammograms together produced a mean of 1.1
false-positives per film. Of these 134 healthy breasts, CAD assigned no false-positives to only 3.
5.2. Study II
Of 51 cancers, CAD correctly marked 36, 22 of them in both projections. For roller A, sensitivity
was 73% (19/26), and for roller B, 68% (17/25) (Tables 6 and 7).
Table 6. Cancer material in roller A
Operated Actionable Subtle
Breast parenchyma
Dense 8 8 8
Fatty - 2 -
Carcinoma
In situ 2 1 1
Invasive 6 9 7
Mammographic features
Mass 6 7 5
Calcification 2 1 1
Mass + calcification - 2 2
Architectural distortion - - -
Tumor size
Mean size mm 22 9 9
Range mm 9-60 6-20 5-15
CAD-positive 5/8 8/10 6/8
The dense breast category includes breast parenchyma patterns I, IV, V; the fatty-breast
category includes patterns II and III according to the Tabar classification. Operated =
screen-detected cancers, Actionable = feature suggesting breast cancer visible in previous
mammogram, Subtle = non-specific feature visible in previous mammogram.
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Table 7. Cancer material in roller B
Operated Actionable Subtle
Breast parenchyma
Dense 4 13 1
Fatty 4 2 1
Carcinoma
In situ - 1 -
Invasive 8 14 2
Mammographic features
Mass 7 11 1
Calcification - 1 -
Mass + calcification 1 3 -
Architectural distortion - - 1
Tumor size
Mean size mm 11 9 21
Range mm 8-15 7-13 20-22
CAD-positive 7/8 8/15 2/2
Explanation as in Table 6
Specificity of CAD was 16% (28 true-negative of 174 control breasts) for roller A and 15% (27
true-negative of 175 control breasts) for roller B. Approximately 3.2 false-positive prompts
occurred per cancer patient and 3.5 false-positives per non-cancer woman. Among 349 healthy
breasts were 55 breasts with true-negative findings by CAD.
The time used for the image reading was significantly dependent on observer (p < 0.001), on
reading schedule (mean time for unlimited time schedule 65 min. vs. 55 min. for reading with time
limit, p = 0.013), and marginally dependent on use of CAD (no CAD 56 min. vs. 63 min. with
CAD, p = 0.053). Screening radiologists were faster in reading both rollers without or with CAD
(Table 8).
Table 8. Times of readings in minutes. No time-limit for roller A. For roller B, time-
limits: 60 minutes for screeners, 90 minutes for general radiologists
A without A with CAD B without B with CAD
Screener 1 45 65 45 60
Screener 2 60 73 60 60
Screener 3 50 50 30 45
Screener 4 40 45 30 35
Radiologist 2 70 70 80 80
Resident 3 120 120 90 85
Resident 4 40 50 30 40
Radiologist 1 did not provide information.
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As radiologist 1 did not record reading time, calculations include the reading times of only 7
readers.
Mean sensitivities were 42% for screeners vs. 45% for others reading roller A without CAD,
and were 42% vs. 48%, respectively, with CAD. For roller B, with a time schedule, mean
sensitivities were 38% (screeners) vs. 36% (novice radiologists and residents) without CAD, and
42% vs. 29% with CAD (Tables 9 and 10).
Table 9. Sensitivity and specificity of readings without and with CAD. Unlimited time-schedule
(Roller A). Numbers of true-positive (TP) and false-positive (FP) findings in parentheses. (n = 26
cancer breasts; total 200)
Sensitivity Sensitivity Specificity Specificity
Screener 1 23.1 (6) 23.1 (6) 97.1 (5) 97.1 (5)
Screener 2 30.8 (8) 42.3 (11) 96.0 (7) 95.4 (8)
Screener 3 65.4 (17) 57.7 (15) 94.3 (10) 94.8 (9)
Screener 4 46.2 (12) 46.2 (12) 96.6 (6) 97.1 (5)
Radiologist 1 34.6 (9) 34.6 (9) 98.3 (3) 98.3 (3)
Radiologist 2 46.2 (12) 50.0 (13) 95.4 (8) 98.3 (3)
Resident 3 61.5 (16) 73.1 (19) 95.4 (8) 93.7 (11)
Resident 4 38.5 (10) 34.6 (9) 98.9 (2) 97.7 (4)
P-values for differences between individual sensitivities and between individual specificities were
notsignificant (p > 0.05). P-values were derived from the modified McNemar test, the small sample
formula was used, and intracluster correlation was taken into account.
Table 10. Sensitivity and specificity of readings without and with CAD. Reading times: 60 minutes
for screeners, 90 for others (Roller B). Numbers of true-positive (TP) and false-positive (FP)
findings in parentheses. (n = 25 cancer breasts; total 200)
Sensitivity Sensitivity Specificity Specificity
Screener 1 28.0 (7) 36.0 (9) 99.4 (1) 99.4 (1)
Screener 2 28.0 (7) 36.0 (9) 98.9 (2) 97.7 (4)
Screener 3 48.0 (12) 52.0 (13) 96.0 (7) 93.7 (11)
Screener 4 48.0 (12) 44.0 (11) 96.6 (6) 97.1 (5)
Radiologist 20.0 (5) 20.0 (5) 98.9 (2) 98.9 (2)
Radiologist 40.0 (10) 28.0 (7) 96.0 (7) 97.7 (4)
Resident 3 52.0 (13) 48.0 (12) 96.6 (6) 94.9 (9)
Resident 4 32.0 (8) 20.0 (5) 98.9 (2) 97.7 (4)
See Table 9 for explanations
Differences between individual sensitivities or between individual specificities in readings without
and with CAD were not significant (p-values >0.05). When readings of roller A and B were
combined, the sensitivities for screeners ranged from 26 to 57% without CAD and from 29 to 55%
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with CAD. For other readers the combined sensitivities ranged from 28 to 57% without and from 28
to 61% with CAD. The best sensitivity, 61%, was reached by one resident in readings with CAD
(vs. 57% without CAD). A screening radiologist had the poorest combined sensitivity, 26%,
reached in readings without CAD, but the radiologist’s sensitivity rose to 29% with CAD.
In 3200 readings, CAD caused 62 changes (Table 11). Of 408 cancer readings, 17 cancers
were found with CAD aid: 3 times a screen-detected cancer, 13 times an “actionable” cancer, and
once a “subtle” cancer. On roller A both groups found six new cancers with the CAD aid. On roller
B the screeners found four additional cancers, and radiologists made only a single new cancer
diagnosis. No significant difference appeared in the number of correct and incorrect diagnoses
between rollers A and B. CAD missed 15 cancers, and because of the false-negatives, readers’ true-
positive findings changed to false-negative in 10 readings. Screeners changed their true-positive
finding to false-negative four times because of CAD but only on roller A. Radiologists changed
true-positive findings to false-negatives three times on both rollers. Roller A had four cancers (three
of them positive by CAD) that none of the readers found, and roller B, nine similar unidentified
cancers (six of them positive by CAD). CAD made false-positive markings on 294 breasts (2352
readings), and readers made 25 new false-positive diagnoses because of CAD (1% increase).
A change in readings occured 36 times, contrary to CAD’s prompting (Table 11).
Table 11. Changes in readings caused by CAD (n=62) and despite CAD markings (n = 36). Rollers
A and B combined
TP FN TN FPCAD
FNTP TPFN TPFN FNTP FPTN TNFP TNFP FPTN
Screener 1 2 0 0 0 0 0 0 0
Screener 2 3 0 0 2 1 0 6 2
Screener 3 3 3 2 1 2 2 5 2
Screener 4 2 2 2 1 1 0 1 2
Radiologist 0 0 0 0 0 0 0 0
Radiologist 3 3 2 0 5 0 2 6
Resident 3 3 0 2 1 1 1 9 3
Resident 4 1 3 2 0 0 2 2 0
Total 17 11 10 5 10 5 25 15
TP = true-positive, FN = false-negative, TN = true-negative, FP = false-positive
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5.3. Study III
The two most sensitive readers showed same sensitivity of 56.9%, so their difference in specificities
governed their ranking order. All readers had specificities more than 95%, but the sensitivities as
low as 25.5% (Table 12).
Table 12. Sensitivities, specificities and accuracies of each reader. N = 51
cancerous and 349 non-cancerous breasts. (TP = true-positive and FP = false-
positive in parentheses).
Sensitivity % (TP) Specificity % (FP) Accuracy%
Resident 1 56.9 (29) 96.0 (14) 91.0
Screener 2 56.9 (29) 95.1 (17) 90.3
Screener 3 47.1 (24) 96.6 (12) 90.3
Radiologist 4 43.1 (22) 95.4 (16) 88.8
Screener 5 35.3 (18) 98.9 (4) 90.8
Resident 6 29.4 (15) 97.4 (9) 88.8
Radiologist 7 27.5 (14) 98.6 (5) 90.0
Screener 8 25.5 (13) 98.3 (6) 89.0
Only one reader (a radiologist) found all 16 screen-detected cancers, the rest found 10 to 15 screen-
detected cancers. The false-negative cancers were more challenging: of the 35 false-negative
cancers, the best performing reader (a resident) found 15, while the rest of the readers found 3 to 14.
None of the readers found exactly the same cancers. Of the 28 possible pairs of readers, only 3
showed no increase in the number of true-positives compared to the true-positives of the better
reader in the pair (reading pairs 2 and 8, 1 and 6, 4 and 6). The specificities of these independent
double readings dropped 0.3-1.3% from the specificity of the better reader. The best combination
was the pair of screening radiologists 2 and 5; their independent double reading showed a
sensitivity of 67% and specificity of 94%.
The combined sensitivity of the two best-performing readers was 67%, as compared with 57%
for the single best reader. The specificity was 93% vs. 96% and accuracy 90% vs. 91%. The
greatest sensitivity of 75% was attained after summarizing the readings of the four best readers
(with the positive opinion of at least a single reader considered decisive); 9 additional cancers were
detected, as compared to the 29 cancers found by the best-performing reader. For every additional
true-positive finding, two false-positive cases emerged, leading to specificity decreasing from 96 to
91% (Table 13).
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Table 13. Sensitivities, specificities and accuracies of independent and conference readings of
different numbers of readers. N = 51 cancerous and 349 non-cancerous breasts. (TP = true-positive















1+2 66.7 (34) 93.4 (23) 90.0 66.7 (34) 93.4 (23) 90.0
1+2+3 70.6 (36) 92.8 (25) 90.0 52.9 (27) 96.6 (12) 91.0
1+2+3+4 74.5 (38) 91.1 (31) 89.0 54.9 (28) 96.3 (13) 91.0
1+2+3+4+5 74.5 (38) 91.1 (31) 89.0 47.1 (24) 97.4 (9) 91.0
1+2+3+4+5+6 74.5 (38) 90.0 (35) 88.0 47.1 (24) 97.4 (9) 91.0
1+2+3+4+5+6+7 74.5 (38) 90.0 (35) 88.0 43.1 (22) 98.6 (5) 91.5
All 8 74.5 (38) 90.0 (35) 88.0 45.1 (23) 99.1 (3) 91.3
Independent readings = the positive opinion of at least a single reader considered decisive.
Conference consensus readings = the positive opinion of the readers’ majority considered decisive,
in case of a paired number of readers and equal votes, the cancer-positive opinion prevailed.
Starting the calculation from the least sensitive reader, the sensitivity improved until cancer-positive
findings of all eight readers were summarized. The conference consensus readings, on the contrary,
decreased in sensitivity while increasing in specificity (Table 14).
Table 14. Sensitivities, specificities and accuracies of independent and conference readings of
different number of readers. N = 51 cancerous and 349 non-cancerous breasts. (TP = true-positive















8+7 39.2 (20) 97.1 (10) 89.8 39.2 (20) 97.1 (10) 89.8
8+7+6 45.1 (23) 96.3 (13) 89.8 23.5 (12) 98.3 (6) 88.8
8+7+6+5 51.0 (26) 96.0 (14) 90.3 33.3 (17) 98.3 (6) 90.0
8+7+6+5+4 56.9 (29) 93.1 (24) 88.5 31.4 (16) 98.9 (4) 90.3
8+7+6+5+4+3 58.8 (30) 92.0 (28) 87.8 39.2 (20) 98.6 (5) 91.0
8+7+6+5+4+3+2 70.6 (36) 90.8 (32) 88.3 35.3 (18) 98.9 (4) 90.8
All 8 74.5 (38) 90.0 (35) 88.0 45.1 (23) 99.1 (3) 91.3
See notes in Table 13.
The mean sensitivity for summarized independent readings of different groups was 65% (33 TP)
compared to 43% (22 TP) mean sensitivity of conference consensus readings. The mean
specificities were 92% (26.5 FP) and 98% (8 FP), respectively.
44
5.4. Study IV
The absolute sensitivity was 67% (194 of 289) for FNAC and 96% (206 of 214) for CNB (p <
0.0001, difference of 29%; 95% CL 22.9-35.0). The complete sensitivity of FNAC was 95% (273
of 289) and 99% (211 of 214) for CNB (p = 0.0173, difference of 4%; 95% CL 0.8-7.5). The
absolute sensitivity of the CNB was superior to that of FNAC regardless of tumor characteristics,
but these findings did not reach significance for lesions that were few (Table 15). Of 339, FNAC
resulted in 48 (14%) Papa 3; of these 48 lesions, 36 were malignant. Of 241, CNB revealed 9 (4%)
indeterminate findings (ADH, LCIS, papilloma, radial scar or benign tumor phyllodes); the final
diagnosis was malignant for five.
Table 15. Absolute sensitivity of fine needle aspiration cytology (FNAC) or core needle biopsy








Palpable 74 (157/213) 97 (145/149) 0.0001 24 (16.8-30.1)
Non-palpable 50 (38/76) 94 (61/65) 0.0001 44 (29.9-55.4)
Size in imaging
< 10 mm 45 (24/53) 93 (26/28) 0.0001 48 (27.2-61.2)
> 10 mm 73 (171/236) 97 (180/186) 0.0001 24 (17.9-30.6)
Ultrasound
No finding 50 (1/2) 0 (0/1) 1
Benign 33 (3/9) 50 (2/4) 1
Indeterminate 47 (9/19) 73 (8/11) 0.2595 25 (10.6-52)
Suspicious 70 (182/259) 99 (202/204) 0.0001 29 (22.9-34.6)
Mammogram
No finding 54 (15/28) 100 (4/4) 0.12 46 (5.4-64.2)
Microcalcification 57 ( 4/7) 86 (6/7) 0.55 29 (17.3-62.7)
Architectural distortion 50 (8/16) 100 (20/20) 0.0004 50 (22.7-72)
mass 72 (159/222) 96 (146/152) 0.0001 24 (17.4-31)
Mass+ microcalcification 56 (9/16) 97 (30/31) 0.0012 41 (16.1-63.7)
Histology
DCIS 25 (2/8) 78 (7/9) 0.0567 53 (5.7-76.7)
IDC 74 (143/194) 98 (121/124) 0.0001 24 (16.6-30.7)
ILC 64 (38/59) 97 (63/65) 0.0001 33 (19.2-45.5)
Other invasive cancers 43 (12/28) 94 (15/16) 0.001 51 (22.4-68)
Abbreviations: DCIS = ductal carcinoma in situ, IDC = invasive ductal carcinoma, ILC = invasive
lobular carcinoma, CL = Confidence level. Differences between sensitivities of FNAC and CNB
groups were calculated by Fisher’s exact test for the two-tailed P-values and by Newcombe’s
method for 95% confidence levels.
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No significant difference (p = 0.0921) emerged between the sensitivity of FNAC obtained at
HUCH, of 62, 36 (52%) malignant lesions, and at other private or public health care units: of 227,
159 (70%) malignant lesions.
Of the 580 operated lesions, 297 were spiculated masses in mammography and suspicious for
malignancy in US. Only one of these 297 had a benign postoperative histology. It was correctly
diagnosed on CNB as papilloma. Invasive carcinoma was the final postoperative diagnosis for 294
of the other lesions, with the remaining two being DCIS. FNAC was performed on 177 of these
lesions and CNB on 119. The sensitivity of the CNB group was 98%, but for FNAC only 75% (p <
0.0001, difference of 24%; 95% CL 17-31% (Table 16).
Table 16. Results of US-guided fine needle aspiration cytology (FNAC) (n=177) and US-guided
core needle biopsy (CNB) (n=119) in the 296 lesions with malignant postoperative histology which
appeared as spiculated masses on mammography and suspicious for malignancy on ultrasound.













FNAC < 10 mm (n=25) 1 (4%) 0 0 4(16%) 5 (20%) 15
FNAC  10 mm (n=152) 1 (1%) 3 (2%) 4 (3%) 9 (6%) 18(12%) 117(77%
CNB CNB
CNB < 10mm (n=20) 1 (5%) 19
CNB  10mm (n=99) 1 (1%) 98
Of the 339 lesions with FNAC as the initial biopsy method the finding in FNAC was malignant,
Papa 5, in 197. An additional CNB was performed for four lesions, and cancer surgery was planned
for 193; in these 193 lesions, invasive cancer was detected in 190, DCIS in one, and a benign
finding in two of the surgical specimens.
In the remaining 142 lesions with Papa 0-4 for the initial biopsy, a subsequent FNAC was
obtained for 4 lesions and a subsequent CNB for 85. In addition, for a total of 62 lesions a surgical
biopsy was performed, revealing invasive cancer in 11 lesions and DCIS in 4. Cancer surgery
without further biopsies was performed in three cases with benign or indeterminate findings in the
subsequent CNB and definitely malignant findings in imaging; invasive cancer was detected in the
surgical specimen in all three cases. Cancer surgery was performed without additional biopsies for
19 lesions: The postoperative diagnosis was invasive cancer in 16, DCIS in 2 and benign in one
(Figure 1).
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Figure 1. Diagnostic work-up in the 339 breast lesions with fine needle aspiration cytology (FNAC)
as the initial biopsy. Abbreviations: CNB = core needle biopsy, SB = surgical biopsy, CS = cancer
surgery, CA = invasive cancer, DCIS = ductal carcinoma in situ.
In the CNB group, a subsequent CNB was necessary for 2 lesions. A surgical biopsy was performed
for 33 lesions, revealing 4 invasive cancers and 2 DCIS. In addition, invasion was detected in the
surgical specimen in 2 lesions with DCIS in the initial CNB. Cancer surgery without further
biopsies was performed on one patient with an indeterminate finding in the initial CNB and a


































































Figure 2. Diagnostic work-up in the 241 breast lesions with core needle biopsy (CNB) as the initial
biopsy. Abbreviations as in Figure 1.
In both groups, when the biopsy showed cancer, the median time from initial biopsy to definite
surgical treatment was 31 days. The extra needle and surgical biopsies delayed the definite surgical
treatment for 75 of the 283 patients with FNAC but for only 5 of the 207 patients with CNB: 27%
vs. 2%. All cancer patients with FNAC as their initial biopsy method had their operation a mean of
3 days later than did patients with CNB. In addition, one patient with bilateral cancer had FNAC
for the one and CNB for the other breast. Both the FNAC and the CNB failed to detect cancer, and
surgical cancer treatment was delayed accordingly (Table 17). Six patients with neoadjuvant





































Table 17. Time interval in days between first biopsy and definite surgical treatment for 490 women
with in situ or invasive breast cancers with fine needle aspiration cytology (FNAC) or core needle
biopsy (CNB).
Biopsy Median days Mean days Range of days
FNAC all (n=283) 32 35 6-101
Papa 5 (n= 193) 31 32 6-66
Papa 0-4 (n=90) 39 42 10-90
Without additional biopsies (n= 208) 31 31 6-101
With additional needle biopsy (n=69) 42 44 13-90
With surgical biopsy (n=6) 63 62 27-85
With additional needle and surgical biopsy (n= 67 64 39-85
CNB all (n=207) 31 32 6-77
Cancer (n=200)* 31 31 6-64
Insufficient/benign/indeterminate ( n=7) 41 43 13-77
Without additional biopsies (n= 202) 31 31 6-64
With additional needle biopsy (n=1) 13 13 13
With surgical biopsy (n=4)* 51 50 35-65
* Includes one lymphoma
In the FNAC group, the extra expenses resulted from 93 supplemental needle biopsies, 11 surgical
biopsies of malignant lesions, and 8 surgical biopsies of benign lesions. Three patients underwent
unnecessary axillary surgery, and these costs were charged. One of these three women had 3 extra
inpatient care days because of a wound infection; the costs of these extra days were also included.
In the CNB group, the extra expenses were due to two supplemental needle biopsies, four
surgical biopsies of malignant lesions, and five surgical biopsies of benign lesions plus one
unnecessary sentinel node biopsy performed in a patient with a postoperative diagnosis of
lymphoma instead of ductal carcinoma.
The cost of the initial biopsy was 150 € per lesion for FNAC and 176 € per lesion for CNB.
With the expenses caused by the additional needle biopsies included, corresponding costs were 210
€ for FNAC and 177 € per lesion in the CNB group. The need for surgical biopsies and the
unnecessary axillary operations due to false-positive findings raised the costs to 294 € in lesions
with FNAC as the initial biopsy and to 223 € in lesions with CNB.
If the CNB had been initial biopsy method instead of FNAC, the saving would have been
24%.
99 666 € (339 FNAC x 294 €) – 75 597 € (339 CNB x 223 €) = 24 069 €.
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6. DISCUSSION
Breast cancer is the leading cause of cancer deaths in women in developed as well as in developing
countries. The incidence of breast cancer in Finland in 2005 was 87.1 per 100 000 women
according to the Finnish Cancer Registry. This study focuses on early diagnosis of breast cancer.
6.1. Missed lesions
Mammography screening is a demanding task; despite of double reading many cancers are missed
at screening. As many as half the cancers found in mammography screening in our center during the
year 2001 were to some degree visible in previous mammograms 2 to 4 years earlier. Small mass
was the most common feature of “actionable” missed lesions found, in line with other findings
(Birdwell et al. 2001, Ikeda et al. 2003, Karssemeijer et al. 2003). Some of these lesions were
slowly growing tumors, but some were more aggressive and at the time of diagnosis had already
spread to axillary lymph nodes.
Some may criticize the way the missed lesions were found; retrospectively with the suspicion
that some of those patients developed cancer later on. Possibly lesions found this way were non-
specific, subtle, and non-actionable and too difficult for CAD to detect. However, most of these
lesions were detected by the resident (Study I), and later on also by test readers (Studies II and III).
6.2. CAD performance
CAD showed some potential: it marked correctly 64% of those malignant lesions missed in
consensus double reading. Mass lesions within dense breast tissue were more difficult for CAD to
detect, in line with other studies (Brem et al. 2005, Malich et al. 2005). The sensitivity of CAD to
detect preoperative lesions was better, 81%, showing that missed lesions, most of them mass
lesions, were difficult also for CAD. Alberdi et al (2005) found a strong correlation between reader
and CAD errors; cases that were difficult for human readers to interpret were also difficult for
CAD. This is easy to understand because the algorithms of computer-aided detection devices are
programmed by human.
Because the resident and CAD found different “missed” lesions it was assumed that CAD
might have the potential to a help reader to find these lesions, especially if the reader were less
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experienced with mammograms. However, because the high number of false-positives raised doubt
as to CAD’s effectiveness in practice, therefore in Study 2, readers with different levels of
experience of mammograms read films without and with the aid of CAD.
6.3. Effect of CAD on reading
Difficult cases, missed lesions among preoperative lesions, in test settings helped to elucidate the
potential utility of CAD. The sensitivity of CAD (70.5%) and the number of false-positives
(average 3.2 per cancer patient and 3.5 per non-cancer woman) corresponded to others’ findings
(Birdwell et al. 2001, Moberg et al. 2001, Karssemeijer et al. 2003).
The cancer cases used were challenging also for test readers, as shown by low sensitivities, the
lowest sensitivity without CAD being 25% (13 of 51). One possible reason to this is that fear of
missing cancers may have not stressed the readers. Specificities on the other hand were high, over
95% (for both rollers) in spite of the fact that there was no economic pressure of high recall rates
during the test. This artificial test situation may have had a different kind of influence on different
readers. Especially the non-screeners may have found mammography reading without clinical
examination and US strange. Competence in mammography interpretation and also the threshold
for marking suspicious lesions as cancers may have been very different among the readers. Longer
experience may even raise the threshold for calling a mammogram positive and therefore lead to a
low sensitivity but high specificity, as was evident in the study by Barlow et al (2004).
The changes in sensitivities between readings with and without CAD were statistically
nonsignificant. The maximal changes in sensitivities were 12% to better or to worse (±3 cancers)
(p>0.05). High specificities also remained at the same level, with no significant changes found.
Ciatto et al. (2003), with 31 interval cancers and 19 readers, found a significant rise in
sensitivity with CAD aid. This may have been due to the fact that they assumed that all true-positive
findings in conventional single reading were automatically positive also by CAD reading. Their
argument for this was that CAD is not intended to alter the radiologist’s recall decision if CAD does
not mark an area that a radiologist has detected on the initial mammography evaluation (Ciatto et al.
2003).
The change in reader’s sensitivity reflects not only the effect of CAD on the reader’s
decision-making. The reader may find new cancers or miss cancers that he/she has already found in
the unprompted situation despite the CAD markings. All the individual changes between readings
were studied, whether they were made according to CAD markings or contrary to CAD advice.
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A positive effect, in which a reader found new cancer with CAD help, occurred in 17 of 408
“cancer readings.” When the four CAD-positive cases that all readers detected even without CAD
and the nine CAD-positive cases that no one found were excluded, there remained 23 cancers that
CAD marked correctly. Why did some readers then ignore these lesions that were sufficiently
visible and pointed out by CAD? Performance of CAD may explain part of this phenomenon;
because the threshold of CAD was adjusted to maximum sensitivity, the number of false-positive
marks was high; the readers were exposed to 1.3 false-positive marks per film; and several obvious
screen-detected cancers that CAD did not mark might have confused test readers. Moreover, the
extra work of comparing film mammograms with small CAD-made paper prints might have bee
distracting.
The reader changed a false-positive finding to true-negative ten times. That raised the
specificity, a “positive” effect, but which is opposite to the intended use of CAD. In countries where
lawsuits against radiologists are common, it may be tempting to use CAD as a backup tool in
borderline cases.
A more serious flaw is when a reader misses a cancer when CAD does not mark it. This
negative effect happened ten times in test readings. Such a possible negative effect of CAD was
also studied by Alberdi et al. (2004); their series of 60 patients was enriched with cancers that CAD
did not mark (20 of 30 cancers). They found that their group of radiologists reading mammograms
without CAD outperformed the group using CAD. The follow-up study by Alberdi et al., carried
out at same time as Study II, found that correct CAD output was likely to help in reaching a correct
decision, but the incorrect CAD output made it more difficult. In the ethnographic part of their
study, readers vocalized their thought processes as they read cases. The implication was that CAD
was being used not only as a detection aid but also as a classification or diagnostic aid, which is not
what the tool is designed for (Alberdi 2005). Taplin et al. (2006) also suggested that reviewers may
have ignored their own findings because CAD did not mark the lesion.
When CAD is used as intended by the manufacturers, only additional findings can occur.
Additional false-positive findings reduce specificity, which is a negative effect. Considering the
high rate of false-positive prompts, this negative phenomenon took place rather rarely, 25 times.
Maybe because of the number of false-positives, readers ignore them as well as the true-positive
prompts among them. And of course some false-positive prompts indicate obvious benign lesions or
artefacts and therefore do not put strain on readers.
The time between readings without and with CAD was 7 days as a minimum, which raises
questions about the memory effect. Nevertheless, there also occurred changes in individual readings
contrary to CAD prompts, which speaks against a significant memory effect; Readers lost cancer 11
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times, found new cancers 5 times, found new false-positives 5 times, and 15 times correctly
changed a finding to true-negative. Perhaps the intra-observer variation explains part of this
phenomenon; the threshold of suspicion unconsciously fluctuates from one day to the next.
However, individual sensitivities remained at the same level in both rollers. This phenomenon
strengthens the assumption that readers ignored most of the prompts by CAD.
The assumption that CAD helps especially inexperienced reader was not verified, as no
clinically important differences existed between group performances in readings with and without
CAD. Some trends emerged; the negative effect was seen more often among non-screeners, and the
screeners found more cancers with CAD aid than did others. The least sensitive readers ignored
most of the markings by CAD, but still one of them (a screener) found two additional cancers with
CAD aid. Thurfjell et al. (1998) and Balleyguier et al. (2005) found in their studies that CAD
helped more novice readers. They had only two readers in their test sets, cancers were screen-
detected, and all readings happened in same session. Taylor et al (2004) reported that the readings
without and with CAD appeared in different sessions, as in our study, but they had 50 readers,
which gives more statistical power than in the other studies. They found no difference in
performances with CAD between radiologists and radiographers.
Such studies which lack any prior teaching of CAD have received criticism. Readers had no
prior experience with CAD, but they became familiar with CAD while reading films of 100 women
in the first roller. After that, they benefited no more from CAD while reading the films of another
100 women on the second roller. It is hard to create a test situation which sufficiently simulates
daily practice. Many tests, like ours, are enriched with cancers, so the proportion of true positive
marks by CAD is higher than in practice. The cancer cases were selected, and the proportion of
difficult cases was high, which also differs from practice. To achieve more statistical power, we
would have needed more voluntary readers and also more cancer cases and more normal
mammograms. However, our case set (51 cancers/200 women) corresponds with those of other
studies similar to ours (Ciatto et al. 2003, Alberdi et al. 2004, Taylor et al. 2004).
The most comprehensive study to date of CAD influence on mammography screening
includes data from 332 869 mammograms interpreted without and 24 770 mammograms interpreted
with the use of CAD. CAD was implemented in 7 of 43 facilities in the USA during the 4-year
study period. Fenton et al. (2007) found that use of CAD (ImageChecker system, R2 Technology)
was associated with significantly higher false-positive rates, recall rates, and biopsy rates and with
significantly lower overall accuracy in screening mammography than was nonuse. As the increase
in sensitivity was nonsignificant and associated strongly with the detection of DCIS (clustered
microcalcification), the effect on mortality may have been limited. They estimated that to detect one
53
additional invasive or in situ cancer, CAD would generate approximately 157 recalls and 15
biopsies, and that nationwide use of CAD would increase the annual costs of screening
mammography by 18% ($550 million). The weakness in their study was the wide confidence
intervals around estimates of sensitivity and cancer detection rates after implementation of CAD,
which is a consequence of a low number of cancers. Because of the rarity of breast cancer, 750 000
mammograms would need to be interpreted to achieve high statistical power (Fenton 2007).
The CAD system (Second Look™ v. 4.01) used in present study was impractical; the machine
itself was space-consuming and expensive, films had to be independently fed to the film digitizer
which was also time-consuming, and eventually comparing small paper printouts to mammograms
caused extra work. These drawbacks are avoided when the CAD system can be included in full-
field digital imaging, especially when the software becomes cheaper.
New techniques to improve mass lesion detection have been under development. New features
have been designed, for example to measure the degree of sharpness and microlobulation of mass
margins for a means to discriminate malignant from benign mass lesions (Varela et al. 2006).
Because the first findings of cancers are often increasing densities or temporal changes in
parenchymal architecture, a temporal change analysis has been developed. This technique links a
suspicious location on the current mammogram with a corresponding location on the prior
mammogram. Similarity features measure whether these two regions are comparable in appearance
and may prove useful for lesions visible on the prior view as well as for newly developing lesions.
Significant (p = 0.005) improvement resulted when 465 temporal pairs (238 benign and 227
malignant views) were read without and with the temporal change analysis (Timp et al. 2007).
While improving mass lesion detection, these new techniques may lead to a decrease in the false-
positive rate, which has been confusingly high. Results in future may favor CAD more than the
studies do today.
6.4. Number of readers
In the test group, none of the readers found exactly same cancers or made the same false-positive
findings. The sensitivities were low as mentioned earlier, but the specificities were good, over 95%.
Accuracies were over 88%, indicating that readers were more likely to find cancers than
misinterpret benign conditions as cancer. A trend was that the least-sensitive readers on the whole
made fever findings, leading to better specificities. The fact that readers tend to focus on different
features aroused curiosity; is it possible to determine an optimal number of readers who find most
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cancers? In some countries, a third reader or panel of several readers is used to solve discordant
double readings. For this reason, conference consensus readings, where the positive opinion of the
majority is considered decisive, were compared to independent readings of a different number of
readers. Calculations were performed in two directions: beginning either from the most-sensitive or
from the least-sensitive reader to evaluate extreme situations. Starting from the more sensitive
reader, the sensitivity stopped increasing after four readers (maximal sensitivity was 74.5%
compared to 56.9% for the best single reader). But calculation starting from the other end showed
that it was impossible to determine the optimal number, because sensitivity increased until all eight
readings were summarized.
Because readers diagnosed different kinds of lesions, almost all of the results improved from
the other reader’s findings in independent double-reading. Of 28 such pairs 25 pairs differed, and in
those three pairs with sensitivity not increasing, the specificity decreased only 0.3-1.3% from the
specificity of the better reader. Double readings were simulated independent readings, so the
sensitivity was probably higher than it would have been in consensus double readings where one
reader may be overruled by another.
The summarized independent readings yielded better sensitivities but inferior specificities
than did conference consensus readings. The specificities were still  90%. Conference consensus
readings with only two readers obviously gave the same result as summarized independent readings
of two, because instead of true consensus, a positive finding made by one of the two readers made
the group decision automatically positive.
The calculations concerning two groups of three readers showed the most interesting results
concerning the use of these different methods in practice: with summarized reading it was possible
to find 9 and 11 more cancers and 13 and 7 extra false-positives than in conference consensus
readings.
In prospective studies by Duijm et al. (2004) and Ciatto et al. (2005), the use of an arbitration
panel had a limited negative effect in terms of a reduced cancer detection rate, but the advantages –
the reduction of overall referral rates and saved cost per woman screened – were also limited.
Duijm et al. (2004) also suggested further diagnostic assessment whenever two independent readers
do not reach a consensus, and Ciatto et al. (2005) suggested that new studies with higher recall rates
before arbitration may be recommended as cost-effective (Duijm 2004, Ciatto 2005).
As noted earlier, results from this kind of artificial test are not directly generalizable to
common practice. Although a strong trend appeared that three readers can find more cancers than
two with only a minor decrease in specificity, it is clear that use of this reading method is
impractical, because of lack of funds and of mammography screeners. What also has to be kept in
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mind is that unnecessary recall causes anxiety and in some cases groundless fear of cancer in
otherwise symptomless women.
In Finland, as in many other European countries, a consensus double reading is preferred to an
independent reading. During the year 2005, 180 156 women were screened in Finland with 98%
specificity, 2.7% were recalled and 4.8 cancers found per 1 000 screening studies (Finnish Cancer
registry). In the Netherlands, the recall rates are the world’s lowest (<1%), one Dutch study
concluded that it could be increased: Recall rates of 1 to 4% were found to be most beneficial in
terms of earlier detection of cancers (Otten et al. 2005). In North America, where the recall rates are
higher than in Europe, target recall rates were estimated based on over 2 million screening
mammograms. Target recall rates of approximately 10% for the first and 6.7% for subsequent
mammograms were recommended (Schell et al. 2007). Independent double reading with referral if
any reader suggested, it was found to be cost-effective compared to double reading with consensus,
in a Dutch study where 500 test cases were read by 26 screening radiologists (Groenewoud et al.
2007).
In Netherlands, two additional readers were used in screening. In the study by Duijm et al
(2007), 61 251 screening mammograms were independently read by two radiographers and two
radiologists. After standard double-reading involving referral of 905 women with 323 cancers,
radiologists reviewed 446 additional images according to the radiographers’ suggestions. This
review produced an additional 80 referrals, which led to diagnosis of 22 new cancers, and a rise in
the recall rate from 1.5% to 1.6%. As 2-year follow-up showed that referral of all 1351 positive
readings of those four readers would have led to detection of a total of 362 cancers (a relative
increase of 12%) while maintaining a low recall rate. Therefore this study suggested that a referral
strategy that includes all radiographer-positive readings should be considered (Duijm 2007).
In the situations where two readers do not easily reach a consensus it might be beneficial to
recall. As in present study, longer experience does not guarantee better performance, and a risk
always exists that a senior radiologist may overrule a junior in daily practice.
Perhaps in the future, resources could be focused on difficult cases: over 75% of “missed”
lesions were found in normal/dense breasts. The possible use of additional readers could focus on




As early detection of breast cancer is essential, so is correct preoperative diagnosis. Even though
FNAC has been abandoned in many modern breast centres, it is still widely used in the units
referring patients to Breast Surgery Unit of Helsinki University Central Hospital. Many of those
units have not introduced CNB in their clinics, or prefer FNAC mainly because it is quicker to
perform and in some cases cheaper for the patient. In contrast, a standard practice in the breast-
imaging division of The Department of Radiology of HUCH is to use primarily CNB for suspicious
breast lesions.
Both the complete and absolute sensitivity of CNB were better than those of FNAC regardless
of tumor characteristics. The absolute sensitivity of US-guided FNAC was not as high as in the
review by Britton 67% versus 83% otherwise the sensitivities were in agreement with those of other
studies (Gordon et al. 1993, Parker et al. 1994, Britton 1999, Westenend et al. 2001, Lieske et al.
2006, Ciatto et al. 2007). Spiculated mass lesions in MG are regarded as highly predictive for
malignancy (Thurfjell et al. 2002). This feature was combined with a suspicious finding on
ultrasound. Almost all, (99%) of these lesions proved to be invasive carcinomas. Even in these
lesions, CNB was superior to FNAC regardless of lesion size.
The method of classifying final outcome including only histologically verified subjects causes
verification bias in estimating test accuracy (Houssami et al. 1998). Presenting true sensitivities and
specificities of FNAC and CNB in our region would have required the annual statistics of all
biopsies taken in all referral units and a minimum of 12 months follow-up. It was impossible to
include lesions considered as benign based on findings from the clinical examination, imaging and
needle biopsy, because these benign lesions were neither operated on nor were followed up at our
unit. In addition, most patients with lesions considered benign are not even referred to our unit. But
this situation does not prefer either biopsy method. For these reasons, we do not know the number
of false-negatives or true-negatives, so the findings of this retrospective study do not reflect the true
sensitivities of FNAC and CNB, and the specificities cannot be calculated. For some measurements,
the term positive predictive value would be more precise.
The biopsies were taken and analyzed by several radiologists and pathologists with varying
levels of experience. This has certainly influenced the results, such as for FNAC sensitivity,
although the sensitivity of FNAC did not differ whether it was taken at HUCH or in other units. On
the other hand, the present study setting reflects the situation in many breast surgery centers that
have several referral units.
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The frequent need for repeat biopsies reduced the advantage of the quick results expected of
FNAC. In general, it took from 3 to 7 days to get a result from FNAC. However, in some cases the
delay from FNAC to surgery was as long as 100 days because of the long waiting lists for
additional biopsies and outpatient clinic and surgical treatment, especially during vacation times. In
units with immediate reporting of FNAC and further biopsies readily available, the use of FNAC
does not cause such a delay in cancer surgery. Nevertheless, many other clinics also have limited
radiological, cytological, and surgical resources and may thus encounter the problems addressed
here.
FNAC by itself was less expensive than CNB, but the need for extra work-ups and the costs of
unnecessary operations raised the total expenses of FNAC over those of CNB. A comparison of the
true costs of different biopsy methods is demanding, and the results may not be generalized due to
differing treatment practices and unit costs of services. In addition, the success rate of technical
performance and analysis of needle biopsy specimens varies, not only between different units, but
perhaps also in the same hospital. As was also impossible to obtain annual statistics concerning all
the biopsies taken in our region, the overall costs of the whole FNAC series or CNB series cannot
be calculated. Measuring all costs from repeated biopsies or unnecessary sentinel node evacuation
was also demanding such as the cost of additional sick leave days, or possible future problems in
cases of true cancer.
In a single-center study by Bulgaresi et al. (2006) FNAC had very high positive predictive
value and therefore was suggested as a useful test in breast diagnosis, especially in assisting clinical
decision-making whether to take additional biopsies or to progress to surgical management.
Although FNAC was highly sensitive in detecting abnormality, resulting in Papa 3-5 in 94% of the
malignant breast lesions in present study, that is not enough for optimal treatment planning. Before
surgeon can discuss about different treatment options with patient, plan expensive and complex
sentinel node operations, or evaluate the need of neoadjuvant treatment, it is crucial to know about
the invasiveness and the type of the cancer. Had the first biopsy method been CNB instead of
FNAC in all cases, the saving would have been more than 24%. The problem of the demanding task
of cytology reporting was also apparent; false-positive FNAC findings led to unnecessary axillary
surgery in three patients. The need for additional biopsies also means more appointments with
radiologists and surgeons, which strains the capacity of the public health service. Multiple
procedures and delay at any stage in obtaining a definitive diagnosis of both benign and malignant
conditions are undesirable outcomes causing patient discomfort and anxiety.
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7. CONCLUSIONS
I: Of breast cancers, 52% were visible in prior mammograms 2 to even 4 years before detection.
CAD was more sensitive for lesions in preoperative mammograms, but still found over 60% of
lesions in prior mammograms, with specificity being poor on both.
II: As CAD did not significantly improve mammography reading performance among screeners or
inexperienced mammography readers, the use of applied version of CAD (Second Look™ v. 4.01)
is questionable.
III: The sum of the independent reading of four best-performing readers yielded the best sensitivity.
Summarized independent readings were more sensitive than the conference consensus reading; the
specificity of summarized readings decreased but still remained 90% or more.
IV: In the breast cancer detection CNB was more sensitive and specific than FNAC. The frequent
need for additional work-up raised the total expenses of FNAC over those of CNB and seemed to
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